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The  growing  interest  in  blowpipe  analysis  which  is  evident  m 
this  country  has  induced  the  translator  to  present  to  our  scientific 
students  the  following  translation  of  Plattner's  unequalled 
manual,  and  it  is  further  hoped  that  this  book  may  be  the  means 
of  bringing  into  more  prominent  notice  a  branch  of  blowpipe 
analysis  which  has  been  too  long  neglected,  viz. :  quantitative 
assaying. 

The  present  work  is  a  translation  of  Plattker's  book,  in  which 
nothing  of  the  slightest  importance  has  been  omitted,  while  its  size 
has  been  reduced  as  much  as  possible  by  avoiding  unnecessary 
repetitions  and  by  using  concise  language.  Several  new  qualitative 
tests,  a  quantitative  assay  for  mercury,  descriptions  of  new  appa- 
ratus for  measuring  silver  assay  buttons,  a  complete  general  index, 
and  other  matters  of  minor  importance,  have  been  added.  In  the 
formulas  of  the  silicates  Si  0"  has  been  substituted  for  Si  0^  and 
upward  of  one  hundred  and  fifty  new  minerals  have  been  intro- 
duced. For  most  of  these  the  translator  is  indebted  to  Dana's 
Mineralogy,  which  has  also  rendered  invaluable  service  in  translat- 
ing the  names  of  the  minerals.  In  order  to  secure  uniformity, 
Dana  has  been  taken  as  the  authority  for  the  names  of  the 
minerals,  but  in  many  instances  synonyms  have  been  retained  for 
convenience  of  reference. 

If  any  apology  is  necessary  for  the  size  of  Plattjter's  work  it  is 
to  be  found  in  the  character  of  the  author,  who  investigated  in  the 
most  thorough  manner  every  subject  upon  which  he  entered.  Kor 
is  there  any  reason  why  the  beginner  should  not  take  up  the  study 
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of  blowpipe  analysis  with  this  thorough  manual  in  his  hand  to 
explain  to  him  the  difficulties  which  will  meet  him  almost  at  the 
outset.  It  is  only  necessary  that  he  should  have  some  advice 
regarding  the  way  in  which  the  book  is  to  be  used,  and  this  the 
translator  has  endeavored  to  give  in  a  short  introduction. 

My  sincere  thanks  are  due  to  Professor  Richter  for  the  very  kind 
response  which  he  has  made  to  various  inquiries^  and  for  a  valuable 
list  of  alterations  which  he  has  furnished  as  necessary  to  the  com- 
pleteness of  the  book;  to  Professor  Egleston",  of  the  School  of 
Mines,  Columbia  College,  New  York,  for  many  valuable  suggestions 
during  the  preparation  of  this  translation ;  and  to  Mr.  Caswell 
for  able  assistance  in  accomplishing  the  task. 

To  the  American  scientific  student  this  work  is  now  commended, 
in  the  hope  that  it  may  aid  his  labors  and  awaken  a  higher  interest 
in  the  branch  of  analysis  of  which  it  treats. 

H.  B.   COEifWALL. 

New  Tokk,  July  1st,  1871. 
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TO  THE 


FOURTH   GERMAN"  EDITIOl^r. 


WHEisr,  at  the  publisher's  request,  after  the  third  edition  of 
Plattker's  Blowpipe  Analysis  was  exhausted,  I  undertook  the 
revision  of  the  present  edition,  it  was  in  the  belief  that  now,  as 
formerly,  many  would  desire  to  have  at  hand  a  complete  manual 
upon  so  useful  a  subject.  As  far  as  possible  I  have  confined  myself 
to  the  previous  labors  of  my  instructor,  whom  I  can  never  forget, 
and  have  only  added  such  new  and  approved  matter  as  had  been 
made  known  since  the  appearance  of  the  third  edition,  because  I 
have  had  ample  opportunity,  during  several  years  in  which  I  have 
labored  as  a  teacher  of  this  branch  of  analysis  in  our  Mining 
Academy,  to  convince  myself  of  the  suitable  way  in  which  the 
subject  is  classified  and  treated  in  his  work. 

May  this  fourth  edition  find  as  friendly  a  reception  as  has  been 

extended  to  its  predecessors. 

Th.  Richtek. 

Freiberg,  May,  1865. 
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Pkobablt  no  better,  course  of  instruction  in  blowpipe  analysis 
can  be  suggested  than  that  pursued  by  Prof.  Richter,  for  the  instruc- 
tion of  his  classes  at  Freiberg,  and  that  will  therefore  be  briefly  given 
here,  after  a  few  introductory  remarks,  designed  to  aid  the  student 
in  the  use  of  this  book. 

The  student  should  first  learn  to  produce  the  oxidizing  and  reduc- 
ing flames  at  pleasure,  testing  them  according  to  the  directions 
given  on  p.  13,  et  seq.  Whenever  after  this  he  employs  either  fl.ime 
he  must  consider  carefully  what  will  be  the  result ;  whether  the 
substances  he  treats  will  be  reduced  to  metal,  or  only  to  a  lower  state 
of  oxidization ;  whether  they  will  volatilize  and  form  a  coat,  or 
whether  they  are  fixed;  whether  they  yield  different  colors  with  the 
fluxes,  in  the  different  flames  (as  is  usually  the  case),  etc.,  etc.  To 
learn  this  he  must  prepare  himself  by  studying  thoroughly  and 
IDerforming  faithfully  the  tests  of  the  more  common  simple  sub- 
stances as  given  in  the  tables,  p.  95,  et  seq.,  and  by  a  careful  study 
of  the  facts  stated  under  the  general  examinations  for  the  bases  and 
acids,  beginning  with  p.  119. 

When  thoroughly  familiar  with  the  behavior  of  the  simple  sub- 
stances, he  should  proceed  to  the  analysis  of  mixtures,  which  may  be 
finally  made  very  complicated.  By  intelligently  studying  the  prop- 
erties of  the  simple  substances  as  given  in  the  tables  and  under  the 
general  remarks,  before  referred  to,  and  by  following  the  general  rules 
for  qualitative  analysis,  p.  59,  et  seq.,  the  student  can  deduce  a  sys- 
tem of  examination  for  himself,  which  he  can  vary  to  suit  differ- 
ent circumstances.  Sometimes  special  tests  are  to  be  made,  since 
thus  certain  substances,  as  mercury,  manganese,  sulphur,  etc., 
can  be  most  readily  detected;  for  some  substances  special  tests  are 
necessary,  while  others  can  be  found  in  the  regular  course  of 
analysis. 

Air  phenomena  must  be  carefully  noted,  and  the  eSect  of  each 
operation  considered.  If  a  coat  is  formed  on  coal,  the  student  should 
remember  what  substances  could  yield  such  a  coat,  and  how  they 
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may  be  separated  from  one  another.  If  a  powder  has  been  dissolved 
in  borax  and  is  then  to  be  reduced,  he  should  consider  Av^hat  siib- 
stancos  will  be  reduced  from  it,  and  in  what  condition  those  which 
remain  dissolved  will  be  found.  As  regards  the  reduced  substances  . 
he  should  consider  whether  they  will  be  volatile  or  fixed ;  and  if 
fixed,  how  they  may  be  separated  from  one  another.  In  learning  to 
do  this  the  examples  given  for  practice,  p.  380,  et  seq.,  will  be  found 
of  very  great  service,  as  they  exemplify  the  course  which  is  to  be 
followed  in  similar  cases. 

The  following  substances  are  given  by  Prof.  Eichter  to  the  stu- 
dents under  his  instruction,  to  illustrate,  in  order,  the  different  tests. 

1.  Testing  on  cliarcoal,  to  observe  the  coats,  flames,  etc. 

Selenium,  arsenic,  antimony,  thallium,  lead,  bismuth,  cadmium, 
zinc,  tin,  molybdic  acid,  silver,  silver  and  lead,  sulphate  of  potassa, 
chloride  of  lead. 

2.  Testing  in  the  matrass,  to  observe  ])hosi)horescence,  decrepitation, 

change  of  color,  evolution  of  gases,  etc. 
Pluorite,  apatite,  siderite,  cerussite,  pyrolusite^  chlorate  of  potassa, 
natrolite,  alum,  calomel,  nitrate  of  ammonia,  retinite. 

3.  Testing  in  the  closed  tuhe,  to  observe  whether  there  is  any  subli- 

mate formed. 
Zinc    blende,    pyrite,    copper    nickel,   chloanthite,   orpiment    or 
realgar,  tersulphide  of  antimony,  cinnabar,  copper  amalgam. 

4.  Testing  in  the  open  tube,  to  observe  the  formation  of  sublimates, 

sulphurous  acid,  or  other  gases. 
Pyrrhotite,  copper  nickel,  stibnite,  cinnabar. 

5.  Testing  in  the  platinum  forceps,  as  to  fusibility,  color  of  the 

fame,  etc. 

Hematite  (infusible  in  0.  P.,  fusible  in  E.  P.),  pyrophyllite,  car- 
bonate of  soda  (on  platinum  wire),  natrolite,  potassa  (on  wire), 
aluminite,  lepidolite,  spodumene,  petalite,  strontianite,  fluorite, 
calcite,  chrysocolla,  borate  of  ammonia,  boracite,  datolite,  borax, 
(with  sulphuric  acid),  tourmaline,  barite,  witherite,  barytocalcite, 
molybdenite,  diadochite,  apatite  (with  sulphuric  acid),  atacamite, 
oxide  of  copper  (in  S.  Ph.  bead,  and  with  addition  of  salt),  cerus- 
site, pyromorphite,  scorodite. 
G.  For  practice  in  roasting. 

Copper  pyrites. 

7.  Examination  loith  borax  head. 

Sesquioxide  of  iron,  vanadic  acid,  sesquioxide  of  chromium,  oxide 
of  copper,  oxide  of  cobalt,  oxide  of  nickel. 

8.  Examination  ivith  salt  of  phospJiorus  bead. 


INTEODUCTIOJSr.  XV 

Teroxide  of  bismuth  (with  tin  ou  coal),  sesquioxide  of  iron, 
Vctnadic  acid,  uranate  of  ammonia  (or  sesquioxide  of  uranium), 
molybdic  acid,  oxide  of  copper  (with  tin  ou  coal),  tungstic  acid, 
titanic  acid  (the  last  two  being  also  tested  in  R.  F.  with  addition  of 
sesquioxide  of  iron),  oxide  of  manganese  (with  addition  of  nitre  to 
the  hot  bead). 

9.  Tests  for  sulphur. 

AVith  soda  and  silica  on  coal  in  E.  F. ;  also  with  soda  in  E.  F., 
and  then  with  bright  silver  foil.  Test  for  manganese.  With  soda 
and  nitre  on  platinum  foil. 

10.  Tests  with  cobalt  solutioji. 

Alumina,  magnesia,  borate  (or  phosphate)  of  magnesia,  oxide  of 
zinc,  oxide  of  tin. 

11.  Substances  to  illustrate  the  regular  course  of  examination. 
Chloride    of    potassium,    bromide   of    potassium,    barytocalcite, 

boracite,  flaorite,  borax,  aluuite,  wolframite,  titanic  iron,  smith- 
sonite  (cadmiferous),  annabergite,  cerussite,  wulfenite,  pyromor- 
phite,  crocoite,  libethenite,  pitchblende  (uraninite),  earthy  cobalt, 
cassiterite,  cobaltite,  berthierite,  alabaudite  (manganblende),  stan- 
nite,  tetrahedrite  (mercurial). 

Prof.  Egleston  has  arranged  and  published  in  the  American 
Chemist,  April,  1872,  an  excellent  scheme  of  examination  for  the 
metallic  oxides,  which  has  been  used  for  some  time  with  marked 
success  in  the  School  of  Mines  of  Columbia  College,  and  is  given,  by 
his  permission,  almost  as  published,  on  the  next  page. 

In  using  the  scheme,  attention  should  be  paid  to  the  following 
note: 

Note.— The  scheme  is  to  ke  varied  slightlj'  according  to  cireumstances.  If  snlphides, 
arsenides,  etc.,  are  under  treatment,  the  subi^taiices  mut^t  be  carefully  roasted  ;  but  if  test  1  fails 
to  show  S,  As,  Sb,  or  Se,  as  sulphides,  arsenides,  etc.,  the  substance  is  cither  an  oxide  or  an 
alloy.  If  an  oxide,  the  roasting,  2,  is  omiited.  If  an  alloy,  it  is  subjected  to  the  test  1,  a,  for 
Pb,  etc.,  and  then  the  test  2,  A  is  performed  by  fusing  the  alloy  on  coal  with  borax  in  the  R.  F., 
thus  combining  2,  A,  and  2,  A,  a,  in  one  operation.  Some  sulphides  during  the  roasting,  2.  A, 
will  reduce  to  metal,  and  then  after  thorough  roasting  are  to  be  treated  like  alloys.  A  metal  or 
raw  sulphide,  etc.,  must  never  be  treated  on  platinum  wire,  but  the  metal  is  fused  on  coal  with 
thd  flux  ;  in  R.  F.,  if  it  is  desired  to  get  only  non-reducible  metals,  as  Fe,  Co.  etc.,  in  the  flux ; 
in  O.  F.,  if  Cu,  Ni,  and  other  reducible  metals  are  to  be  fluxed.  The  flux  is  then  transferred  to- 
the  wire.    Sulphides,  etc.,  must  always  be  roasted  before  testing  with  borax  and  S.  Ph. 

The  word  bead  always  refers  to  the  flux,  and  button  to  the  metal.  In  regard  to  2,  B,  Sn  can 
always  be  found  in  presence  of  Zn  by  reducing  the  oxides  with  soda  and  a  lirtle  borax,  and  tri- 
turating the  mass  with  water,  p.  90.  In  certain  alloys,  e.  g.  bronzes,  containing  both  Sn  and 
Zn,  the  Zn  can  be  detected  by  treating  a  short  time  in  R.  F.  and  testing  the  coat  formed  witli 
cobalt  solution,  as  the  Zn  is  more  volatile  and  comes  ofi'  first. 
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The  substance  may  contain  As— Sb— S— Se— Fe— Mn— Cu— Co— Xi— 
Pb  —  Bi  —  Ag— Au  — Hff— Zn  —  Cd— Sn  —  CI-B  r  —  I— CO^— SiO^— 
BfO'— HO. 

1.  Treat  on  Cb.  in  tbe  O.  F.  to  find  volatile  substances  such  as  As — Sb — S — 
Sc— Pb— Bi— Cd,  etc.,  p.  66  et  seq.  ;  and  also  test  in  the  open  tube  to  find 
whether  As,  Sb,  S  are  present  as  arsenides,  etc.,  or  in  the  oxidized  state,  p.  63 
et  seq. 


b.  If  there  are  no  volatile  sub- 
tan  ces  present,  divide  a  part  of  the 
substance  into  three  portions  and  pro- 
ceed as  in  A. 


r 


a.  If  there  are  volatile  substances 
present,  form  a  coating  and  test  it 
VFith  S.  Pli.  and  tin  on  Ch.  for  Sb,  p.  99, 
or   to   distinguish    between    Pb   and 

Bi,  p.  280. 

(X    Yellow  coat,  yielding  with  S.  Ph.  a  black  bead  ;  disappuarinfr  with  blue  flame,  no  part  of  it 
yielding  greenish  Sb  flame;  Pb  and  BI. 
Yellow  coat,  genei-ally  with  white  border,  yielding  black  or  gray  bead  with  S.  Ph.,  disappear- 

iiiiT  with  bhie  flame ;  also  the  border  disappcarini^  with  greenish  flame  ;  Pb  and  Sb. 
Yellow  coat,  very  similar  to  b,  but  yielding  no  blue  flame  ;  Bi  and  Sb. 
Make  a  special  test  for  Bi  (Appendix  III.,  b).    Pb  in  presence  of  Bi,  if  not  in  too  small 
qnantiiy,  is  to  be  detected  by  the  blue  flame  yielded  by  the  coat  or  by  the  reduced  metal  itself. 
See  also  Appendix  III.,  b. 

2.  If  As — Sb — S — Se  are  present,  roast  a  large  quantity  thoroughly  on  Ch., 
p.  77.  Divide  the  substance  into  three  portions,  and  proceed  as  in  A.  (See 
note  on  p.  xv.) 

A.  Treatment  of  the  First  Poution. — Dissolve  a  very  small  quantity  in 
borax  on  platinum  wire  in  the  O.  F.  and  observe  the  color  produced.  Various 
colors  will  be  formed  by  tlie  combination  of  the  oxides.  Saturate  the  bead  and 
shake  it  oflF  into  the  porcelain  dish  ;  repeat  this  once  or  twice,  p.  79. 

a.  Treat  these  beads  on  Ch.  with  a  small  piece  of  lead,  silver,  or  gold,  in  a 
strong  R.  F.,  p.  11.3. 


etc.,     remain   in 


b.    Fe— Mil — Co, 

the  bead,  p.  115. 

If  the  bead  spreads  out  on  the  Ch.,  it  must 
be  collected  to  a  globule  by  continued  blow- 
ing. 

Make  a  borax  bead  on  platinum  wire  and  dis- 
Bolve  in  it  some  of  the  fragments  of  the  bead, 
reserving  the  rest  for  accidents. 


c.        Mi— Cu— Ag— Au— Sn— Pb— 

Bi  are  reduced  and  collected  by  the 
lead  button,  p.  115.  (Sn,  Pb,  and  Bi, 
if  present,  will  partly  volatilize.) 

Remove  the  lead  button  from  the  bead  while 
hot,  or  by  breaking  the  latter,  when  cold,  on  the 
anvil  between  p  iper,  carefully  preserving  all 
the  fragments. 


d.    If  Co  is  present,  the  bead  will  be 
blue. 

If  a  large  amount  of  Fe  is  present,  add  a 
little  borax  to  prove  the  presence  or  absence 
of  Co,  p.  222. 

If  I»Iii  is  present,  the  bead  when  treated  on 
platinum  wire  in  the  O.  F.  will  become  dark 
violet  or  black. 


e.     If  only  Fe  and  Mil  with  no  Co  are 

present,  tliebead  will  be  almost  coloi-less. 
Look  here  for  Cr,   Ti,   Mo,  tJ,  W,  V, 

Ta  by  the  wet  way.  (A  notable  amount  of  TI 
may  be  detected  with  S.  Ph.  and  tin  in  the  ori- 
ginal oxides,  in  absence  of  other  coloring  non- 
reducible oxides,  p.  32.3.  ITIo  will  be  shown  by 
the  cloudy  brown,  or  black  appearance  of  the  bo- 
rax bead  in  R.  P.  on  platinum  wire,  p.  105.) 
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/.  Treat  the  button  c  on  Ch.  in  the  0.  F.  until  all  the  lead,  etc.,  is  driven  off; 
Ki,  Cu,  Ag,  Au  remaining  behind;  or  separate  the  lead  with  boracic  acid, 
p.  442. 

g.  Treat  the  residue  g  on  Ch.  in  O.  F.  with  S.  Ph.  bead,  removing  the  button 
while  the  bead  is  hot. 

7i.    If  3Ji  and    Cii    are    present,    the  i.    For  Ag  and  Au  make  the   special 
bead  wnll  be  green  vihen  cold,   p.  292.  test  No.  8. 
If  \\  only — yellow.  If  €ii  oulj' — blue. 
Prove  Cm  by  treating  the  S.  Ph.  bead 
with  tin  on  Ch.  in  the  R.  F.,  p.  293. 

B.  Tkeatment  of  the  Second  Pou'f  ion. — Drive  off  the  volatile  substances 
in  the  O.  F.  on  Ch.  Treat  with  the  R.  F.,  or  mix  with  soda,  and  then  treat  with 
the  R.  F.,  for  Zn,  dd,  Sn.  If  a  white  coating  is  formed,  test  with  cobalt  solu- 
tion, pp.  251, 256,  276. 

If  Zu  is  found,  it  is  not  generally  necessary  to  look  for  Sn,  and  vice  versa,  as  they  very  rarely 
occur  together.    (See  note,  p.  xv.) 


C.  Treatment  of  the  Third  Portion. — Dissolve  some  of  the  substance  in 
S.  Ph.  on  platinum  wire  in  O.  F.,  observing  whether  SiO'''  is  present  or  not, 
and  test  for  Mil  with  nitrate  of  potassa  or  soda,  p.  210. 

3.  Test  for  As  with  soda  on  Ch.  in  the  R.  F.,  or  wMth  dry  soda  iu  a  closed 
tube,  p.  345  et  seq. 

4.  Dissolve  in  S.  Ph.  on  platinum  wire  in  the  O.  F.  (if  the  substance  is  not 
metallic  and  does  not  contain  any  S),  and  test  for  Sb  on  Ch.  with  tin  in  the 
R.  F.,  p.  99.     (To  detect  a  little  Sb  with  Cu  or  Sn,  see,  p.  331.) 

5.  Test  for  Se  on  Ch.,  p.  368. 


6.  '  absence  of  Se  fuse  with  soda  in  the  R.  F.  and  test  for  S  on  silver  foil, 
p.  365.  In  presence  of  Se  test  for  S  in  open  tube,  p.  366.  (To  distinguish  be- 
tween S  and  SO%  see  p.  368.) 

7.  Test  for  Hg  with  dry  soda  in  a  closed  tube,  p.  304. 

S.  Mix  some  of  the  substance  with  assay  lead  and  borax  glass  and  fuse  on 
Ch.  in  the  R.  F.,  p.  401.  Cupel  the  lead  button  for  Ag,  p.  407.  Test  with 
nitric  acid  for  Au,  p.  320. 

9.  Test  for  CI,  Br  and  I  with  oxide  of  copper,  pp.  373,  374,  375. 

10.  Test  for  CI  or  Br  with  bisulphate  of  potassa,  p.  374. 

11.  Test  for  HO  in  a  closed  tube,  p.  353. 

12^    Test  on  platinum  wire,  or  in  platinum-pointed  forceps,  for  coloration  of 

the  flame,  p.  72  et  seq. 

13^    Test  for  CO''  with  hydrochloric  or  nitric  acid,  p.  360. 

14.    Test  for  XO*  with  bisulphate  of  potassa,  p.  354. 

1.5.    Test  for  Te  in  an  open  tube,  p.  351. 


Section   I. 


DESCRIPTION    OF    APPARATUS 


AND 


REAGENTS. 


I.  The  Blowpipe  and  its  use  in  Chemistry  and 

Mineralogy. 

The  blowpipe  has  for  ,a  long  time  been  used  by  workers  in  metal 
for  the  purpose  of  soldering  together  small  pieces  of  metal,  by  means 
of  an  easily  fusible  metallic  alloy,  corresponding  to  the  nature  of  the 
nwtals  in  hand.  It  consists  of  a  conical  brass  tube  about  two  hun- 
dred and  forty  millim.  long,  bent  at  a  right  angle  at  the  narrower 
end,  but  not  with  a  sharp  corner,  so  that  with  it  the  flame  of  an  oil- 
lamp  can  be  conveniently  directed  upon  the  piece  of  metal  to  be  sol- 
dered, which  is  laid  upon  charcoal.  The  wide  end  of  the  blowpipe  is 
placed  between  the  lips,  the  lower  end  directed  toward  the  flame,  and 
a  stream  of  air  strong  enough  to  produce  the  necessary  heat  is  blown 
through  it  upon  the  flame.  At  the  present  time,  however,  this  instru- 
ment forms  one  of  the  indispensable  aids  which  the  chemist  employs 
in  his  laboratory,  the  mineralogist  in  testing  and  determining  min- 
erals, and  the  miner  and  smelter  in  examining  ores  and  metal! u'gical 
products. 

Berzelius*  tells  us  that  Anton  von  Swab,  a  Swedish  councillor  of  mines,  was, 
according  to  Bergman's  account,  the  first  to  employ  the  blowpipe,  in  tlie  year  1738,  in 
testing  minerals  and  ores,  but  the  extent  of  liis  experiments  is  unknown,  as  he  pub- 
lished no  written  account  of  them.  Cronstedt,  a  Swedish  director  of  mines  and  the 
founder  of  the  chemical  system  of  mineralogy,  which  appeared  in  1758,  used  the  blow- 
pipe to  distinguish  minerals,  employing  for  the  purpose  fusible  reagents.  Von  Enge- 
strom,  who  in  1770  published  a  translation  of  Cronstedt's  system  in  England,  added  a 
separate  section  which  treated  of  the  manner  in  which  Cronstedt  employed  the  blowpipe, 
and  which  also  contains  the  most  general  reactions  of  minerals  then  known.  Here  the 
matter  rested  for  a  long  time,  so  that  the  only  use  to  which  the  blowpipe  was  put  in  the 
hand  of  the  chemists  and  mineralogists  was  to  test  the  fusibility  of  substances  and 
their  solubility  in  borax-glass. 

Bergman,  however,  extended  the  use  of  the  blowpipe  still  further,  employing  it  to 
detect  very  small  quantities  of  mineral  siibstances  in  analytical  examinations,  and  in 
1779  he  published  a  Latin  treatise  on  the  behavior  of  minerals  before  the  blowpipe,  in 
Vienna.  Prevented  by  ill  health  from  devoting  himself  constantly  to  blowpipe  experi- 
ments, Bergman  was  assisted  by  Gahn,  who  used  the  instrument  diligently  in  his 
mineralogical  studies,  obtaining  by  its  aid  results  as  rapid  as  they  were  com-incing. 
Such  was  his  skill,  that  he  discovered  in  minerals  the  presence  of  substances  which  had 
escaped  the  most  minute  search  in  the  wet  way ;  but  notwithstanding  his  experience; 

*  See  in  his  Anwendung  des  Lothrohrs  in  der  Chemie  und  yiineralogie,  p.  1. 
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Gahn  never  felt  any  inclination  to  publish  his  newly-found  and  improved  methods. 
Bcrzelius,  however,  becoming  acquainted  with  the  discoveries  which  Gahn  had  made, 
sought  to  win  them  for  science,  and  recognizing  the  importance  and  usefulness  of  tht 
reactions  in  the  dry  way  with  the  blowpipe,  he  determined  the  behavior  of  most  of  the 
minerals  and  the  bodies  composed  of  them,  both  alone  and  with  various  reagents,  before 
the  blowpipe,  and  in  the  year  1821  published  his  well-known  work  on  "  The  use  of  the 
Blowpipe  in  Chemistry  and  Mineralogy." 

B.  de  Saussure  also  employed  the  blowpipe  chiefly  in  recognizing  and  distinguishing 
minerals,  but  although  he  introduced  many  improvements  in  the  use  of  the  instrument, 
he  remained  far  behind  Gahn  in  his  results.  Among  other  things  he  endeavored  to 
determine  the  temperature  necessary  for  fusing  various  substances,  by  measuring  the 
size  of  the  button  which  he  could  melt  with  the  blowpipe.*  Since  the  appearance  of 
the  first  edition  of  Berzelius's  work  the  use  of  the  blowpipe  has  been  widely  extended 
and  experienced  valuable  additions,  partly  through  Bcrzelius  himself,  partly  at  the 
hands  of  Le  Bailiff,  Smithson,  Turner,  Harkort,  von  KobcU,  and  others.  Harkort  first 
used  the  blowpipe  for  the  quantitative  silver  assay,  but  Plattner  extended  its  use  to  the 
quantitative  determination  of  copper,  lead,  bismuth,  tin,  nickel,  and  cobalt. 

The  blowpipe,  as  used  in  its  simplest  form  by  workers  in  metal, 
is  subject  to  a  serious  inconvenience,  since  tlie  moisture  which  una- 
voidably collects  in  the  tube  is  finally  driven  out  by  the  pressure  of 
the  air  and  produces  disturbances  in  the  flame.  To  avoid  this,  a  hol- 
low chamber  is  connected  with  the  blowpipe  which  serves  to  collect 
the  moisture.  Cronstedt  attached  a  hollow  ball  somewhat  below  the 
middle  of  the  tube,  Bergman  adopted  a  semicircular  shape,  while 
Gahn  gave  a  cylindrical  form  to  the  part  designed  for  retaining  the 
moisture.  Various  other  methods  of  improving  and  simplifying  the 
instrument  are  more  specially  mentioned  by  Berzelius,  in  his  work 
above  cited.  The  length  of  the  blowpipe  should  be  adapted  to  the 
owner's  eye,  so  that  the  body  to  be  treated  may  be  held  where  it  can 
be  most  distinctly  seen.  A  shorter  tube  is  therefore  to  be  recom- 
mended for  a  near-sighted  person,  and  a  longer  one  for  one  who  is 
far-sighted.  The  construction  most  used  at  present,  proposed  by 
Gahn  and  approved  by  Berzelius,  is  represented  in  one  half  the 
natural  size  in  Fig.  1.  The  whole  length  from  A  to  B  is  two  hun- 
dred millim.  The  jet,  J,  so  arranged  that  it  can  be  removed,  is  most 
advantageously  made  of  platinum,  being  either  soldered  together 
from  not  too  thin  a  sheet,  or  turned  from  a  solid  piece.  It  is  well  to 
have  two  such  jets ;  one  with  a  smaller  hole  bored  to  a  width  of  0.4 
millim.,  for  qualitative  assays  only,  while  the  other  has  a  hole  0.5 
millim.  wide,  and  is  used  for  such  qualitative  assays  as  require  a 
strong  flame,  and  for  all  quantitative  assays.  Experience  has 
shown  these  to  be  the  best  dimensions.  If  the  hole  is  too  small  it 
can  be  bored  wider  with  a  fine  steel  drill  or  broach,  like  that  used 

*  B.  de  Saussure;  Blowpipe  experiments.    Journal  de  Phi/sique,  vol.  ii.  p.  1. 
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by  watchmakers.  It  must  be  bored  from  the  inside  toward  the  out- 
side, and  the  projecting  rim  which  is  generally  produced  on  the  out- 
side is  then  removed  by  using  alternately  the  drill  and  a  small  file, 

until  the  hole  appears  perfectly  round  on  look- 
ing through  it  with  a  magnifying-glass.  Jets 
with  too  Avide  a  bore  are  useful  in  but  few 
cases.  When,  through  long  use,  the  platinum 
jet  is  covered  with  soot  and  the  hole  obstructed, 
it  can  be  cleaned  by  removing  it  from  the  tube 
and  heating  it  to  a  moderate  redness  on  char- 
coal with  the  help  of  the  blowpipe,  or  in  the 
upj)er  part  of  the  flame  of  a  spirit-lamp. 

For  long  and  constant  use,  a  jet  turned  from  a  piece  of 
platinum  is  preferable  to  one  of  soldered  sheet  platinum, 
since  the  seam  of  the  latter  is  easily  injured  in  time.  The 
easy  oxidation  of  the  metals  forbids  the  ignition  of  brass  and 
German  silver  jets,  which  must  therefore  be  cleansed  by 
passing  a  fine  splinter  of  horn  or  a  needle  through  the  hole 
from  within  outward. 

To  avoid  tiring  the  lip  muscles  by  long  blow- 
ing, Plattner  has  recommended  the  horn  mouth- 
piece, G.    By  pressing  this  against  the  slightly 
opened  mouth  when  blowing,  a 
person    accustomed    to   it   can 
blow  uninterruptedly  for  a  lon- 
ger time  and  much  more  strong- 
ly than   without  it,  nor  is  the 
least  fatigue  felt  in  the  lip  mus- 
cles.    Particular   care   must  be 
taken  that  the  mouth-piece,  d  e, 
is  properly  curved,  so  that  the 
Fig  ].  rim  of  it  may  not  cause  unne- 

cessary pressure  on  the  mouth, 
and  the  diameter  of  the  outer  end  should  be  about 
thirty-five  millim.  On  account  of  the  strong  con- 
ducting power  of  silver,  a  blowpipe  of  this  metal 
becomes  so  hot  through  long  blowing,  that  it  can 
scarcely  be  held  with  the  naked  fingers,  and  blow- 
pipes are  generally  made  of  brass  or  German  silver. 

Mitscherlich  has  proposed  a  very  convenient  blow-  p;,,  3. 

pipe,  of  somewhat  different  construction,  for  travel- 
ling, which  is  shown  in  Fig.  2.     The  cylindrical  part.  A,  serving  to 
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Fig.  3. 


retain  the  moisture,  is  attached  to  the  long  tube,  which  unscrews  in 
the  middle  at  B,  while  the  smaller  tube,  a  b,  can  be  slipped  into  the 
half  tliat  is  fastened  to  the  moisture  reservoir,  and  the  other  half,  G, 
the  mouth-piece  of  which,  D,  should  be  covered  with  silver  when 
the  whole  is  of  brass  or  German  silver,  can  be  put  over  this  like  a 
case.  The  cylinder  thus  formed  can  be  conveniently  carried  in  the 
pocket. 

If  the  blowpipe  is  to  be  used  for  glass  blowing,  the  tube,  Fig.  3,  bent  at  a  right 
angle,  can  be  employed,  as  Berzelius  has  described.  This  is  fixed  in  the  opening,  a, 
rig.  1,  and  can  be  inclined  at  any  required  angle  with  the  long  tube.  The 
blowpipe  can  in  this  case  be  held  fast  in  the  mouth,  either  without  a  mouth- 
piece, or  with  a  broad  bone  mouth-piece.  Fig.  4,  so  that  both  hands  are  free. 
A  still  better  arrangement  for  this  purpose  is  shown  in  Fig.  5.  Upon  the 
board,  6,  is  fixed  a  metal  plate  with  a  vertical  slit  in  which  the  brass  piece,  h, 
taking  the  place  of  the  moisture  reservoir,  A,  Fig.  1,  of  the  ordinary  blow- 
pipe, can  be  moved  up  and  down  and  turned  at  pleasure,  being  held  fast  in 
the  required  position  by  a  nut,  not  seen  in  the  drawing.  The  female  screw, 
i,  on  the  other  side,  serves  a  like  purpose  for  the  short  knee,  m,  in  which  the 
blowpipe  tube,  r,  is  placed.  In  the  brass  piece,  k,  there  is  likewise  an  open- 
ing for  the  exit  tube,  o,  to  which  any  desired  inclination  can  be  given  by 
by  turning  k.  The  parts  of  an  ordinary  blowpipe  can  be  used  for  o  and  r. 
The  lamp,  /,  is  likewise  set  directly  upon  h. 

Much  trouble  has 
been  expended  in 
constructing  contri- 
vances by  which  a 
bloAvpipe  flame  can 
be  produced  without 
the  help  of  the 
human  lungs.  With- 
out entering  into  a 
discussion  of  all  the 
pieces  of  apparatus, 
the  oldest  of  which 
are  mentioned  in 
Berzelius's      work 


Fig.  4. 


Fig.  5. 


above  cited,  one  alone  will  be  more  nearly  considered  here,  which 
satisfies  all  the  requirements  that  can  be  expected  from  such  an 
arrangement;  it  is  the  caoutchouc  bellows.  On  a  small  board,  h,  a 
metal  rod,  s,  Pig.  6,  is  fixed  by  means  of  a  joint,  so  that  it  can  be 
moved  toward  one  side,  and  on  this,  the  metal  piece,  c,  which  can  be 
secured  at  pleasure  by  the  screw,  g,  moves  up  and  down.  The  exit 
tube,  i,  can  thus  receive  any  inclination  and  position  with  regard  to  the 
blowpipe  lamp,  a.    The  bellows,  B,  the  tube,  Jc,  and  the  reservoir,  R, 
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are  for  the  most  part  constructed  of  vulcanized  rubber ;  v  and  v'  are 
valves.  By  compressing.  5  with  the  hand,  or  upon  the  floor  with  the 
foot,  and  letting  it  expand  again,  the  air  enters  at  v  and  is  expelled 
through  v'  and  the  tube  k  into  the  reservoir  R  and  the  tube  i.  After 
a  few  experiments  with  the  position  of  the  tube  i,  and  a  stronger  or 
weaker  pressure  of  the  bellows,  facility  in  constantly  maintaining 
the  diflerent  flames  is  acquired. 


Fig.  6. 


Recently  more  complicated  apparatus  has  been  devised  for  the  purpose  of  securing 
rapidity  in  changing  the  direction  of  the  tube  i,  and  fixing  it  more  accurately  in  its 
place,  and  in  some  cases  the  tube  is  attached  to  the  lamp  itself.  Among  these  are 
the  apparatus  of  Osius  and  Osterland  (Berg-  u.  Hiittenm.  Zeit.,  1862,  No.  1.3) ;  of  0. 
A.  Moses,  fully  described  in  the  Berg-  u.  Hiittenm.  Zeit.,  1865,  No.  40,  and  1866,  No. 
39;  that  of  C.  S.  Eueger,  Berg-  u.  Hiittenm.  Zeit.,  1869,  Nos.  19  and  24,  and  of  Tr. 
Pflilcker.  The  latter  three  are  quite  complete  and  probably  answer  the  purpose  as  well 
as  anything  that  could  be  de\'iscd  ;  but  although  they  may  be  recommended  for  some 
quantitative  operations  requiring  only  a  steady,  strong  flame,  which  must  be  kept  up 
for  some  time,  as  in  the  scorification  of  a  number  of  silver-lead  buttons,  roasting  ores, 
and  similar  rather  tedious  operations,  there  is  nothing  which  can  be  advantageously 
substituted  for  the  mouth  and  hands  in  cases  requiring  more  careful  treatment. 

The  caoutchouc  bellows  answers  all  requirements  and  renders  doubtful  the  introduc- 
tion of  various  other  recent  blowpipe  blasts,  among  which  are  the  following :  that  of 
De  Luca  (Berg-  ti.  Hiittenm.  Zeit.,  1854,  p.  231),  with  the  improvement  introduced  by 
Chevalier  (Poli/t.  Centralbl.,  1857,  p.  718) ;  the  Gehldsestuhl  of  Brauns  (Berg-  u.  Hiittenm. 
Zeit.,  1856,  No.  30);  the  Standi lithrohr  of  Schiff  (Annal.  d.  Ch.  u.  Pharm.  n.  R.  vol.  35. 
p.  368) ;  the  blowing  machine  of  Sprengel  (Pogg.  Ann.,  vol.  112,  p.  364). 
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//.  me  Fuel. 

In  .case  of  necessity  a  candle  flame  may  be  used  for  many  qualita- 
tive blowpipe  assays,  but  when  a  stronger  flame  is  required,  as  in 
quantitative  assays,  peculiarly  constructed  lamps  must  be  used,  in 
which  rapeseed  oil,  olive  oil,  a  mixture  of  alcohol  and  turpentine, 
or  illuminating  gas  are  burned.  The  flame  of  alcohol  is  poor  in 
carbon  and  only  suitable  for  a  few  blowpipe  experiments.'  Eapeseed 
oil  must  be  refined  as  the  unrefined  oil  smokes.  Olive  oil  burns  very 
Avell,  but  is  sometimes  bad  because  the  blowpipe  flame  is  surrounded 
"by  a  broad  yellow  envelope,  and  is  then  useless  for  assays  in  which 
the  coloring  of  the  flame  by  the  substance  under  examination  is  to 
be  observed.  The  form  of  blowpipe  lamp  now  used  for  rapeseed  or 
olive  oil 4s  the  same  as  was  proposed  by  Berzelius.  The  cistern,  Fig. 
7,  is  of  tinned  sheet-iron,  about  one  hundred  and  sixteen  millim. 
long  and  coated  with  dark  lacquer.  Its  section  is  shown  by  the  front 
view,  B.  The  socket,  a,  is  twelve  millim.  long  in  the  clear,  and  five 
millim.  wide,  and  is  filed  slanting  from  right  to  left,  so  that  the 
flame  can  be  directed  downward  by  the  blowpipe  when  required. 

The  cover,  C,  can  be 
screwed  tight  over 
the  socket,  and  for 
this  purpose  is  pro- 
vided with  a  broad 
rim  on  which  a 
leather  washer  soak- 
ed in  wax  is  fastened 
with  shellac.  The 
oil  is  poured  into  a 
special  opening.  A, 
which  can  be  like- 
wise closed  with  a 
screwed  cover.  The 
wick  is  woven  in  a 
cylindrical  form  and 
is  of  cotton,  like 
tliose  used  for  Ar- 
gand  lamps.  It  is 
pressed  out  flat  and 
folded  lengthwise  so 
as  to  come  fourfold 
into  the   socket,   to 
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the  width  of  which  it  must  exactly  correspond,  fitting  neither  too 
.oosely  nor  too  tight,  and  its  upper  edge  is  cut  parallel  with  the  socket. 
The  lamp  itself  is  mounted  on  a  brass  stand  and  fixed  on  the  brass 
rod  by  a  screw,  c.  On  the  same  stand  is  a  brass  ring,  D,  about  fifty 
millim.  in  diameter,  provided  with  a  movable  arm,  and  in  it  is  a  net- 
work of  iron,  or  better  still,  platinum  wire,  which  serves  as  a  support 
for  small  porcelain  vessels  used  in  drying  substances  or  heating  fluids 
either  over  the  free  lamp  flame  or  over  the  spirit-lamp.  Since,  how- 
ever, this  arrangement  is  not  .well  suited  for  heating  a  small  platinum 
crucible  or  a  thin  dish  of  platinum  or  porcelain  to  a  red  heat  over  a 
common  spirit-lamp,  there  is  a  square  hole  in  the  movable  part  of  the 
arm,  d,  into  Avhicli  the  arm  of  an  igniting  ring,  E,  can  be  inserted. 
On  the  igniting  ring  is  i^laced  a  triangle  of  platinum  Avire. 

For  mixtures  of  alcohol  and  oil  of  tui'pentine  glass  lamps  serve 
best,  being  made  like  an  ordinary  spirit-lamp,  but  provided  with  a 
socket  and  wick  like  the  oil-lamp  just  described.  Duflos  has  pro- 
posed a  mixture  of  twelve  parts  of  strong  alcohol  and  one  part  of 
turpentine;  Pisani,  a  mixture  of  six  parts  by  volume  of  alcohol  of 
85°  and  one  part  of  turpentine,  with  the  addition  of  a  few  drops  of 
ether  to  clarify  the  cloudy  liquid.  Instead  of  the  turpentine  benzine 
may  be  emjDloyed ;  four  parts  of  alcohol  and  one  of  benzine  giving  a 
strongly  illuminating  flame.  The  introduction  of  illuminating  gas 
in  many  chemical  laboratories  has  rendered  its  use  very  convenient 
for  the  bloAv^oipe  experiments,  and  the  burner  proposed  by  Bunsen  is 
best  suited  for  this  pui-pose.  Through 
the  neck,  ^,  Fig.  8,  which  is  connected 
with  the  gas  pipe  by  a  rubber  tube,  the 
gas  flows  into  the  vertical  tube,  a,  from 
below,  issuing  through  a  fine  opening 
made  by  three  slits  meeting  at  a  central 
point.  Inside  of  the  tube,  a,  the  gas 
mingles  with  air  entering  through  the 
side  openings,  s,  so  that  if  kindled  at  the 
upper  end,  it  burns  with  a  blue  flame 
free  from  soot.  While  by  this  arrange- 
ment  various  experiments  on  the  color- 
ing of  the  flame,  the  fusibility  of  sub- 
stances, and  with  borax  and  salt  of 
phosphorus  beads  can  be  made,  it  may 
also  be  readily  converted  into  a  regular  p. 

blowpipe  lamp  by  slipping  into  a  the 
miall  tube,  I,  so  far  as  to  cut  off  the  access  of  air  through  s.     The 
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tube,  I,  is  inclined  at  the  top  like  tlie  lamp  socket,  and  has  a  slit  ten 
to  eleven  millim.  long  and  about  1.5  niillim.  wide.  When  the  air  is 
thus  cut  off  the  gas  burns  at  the  upper  opening  with  an  illuminating 
flame,  which  may  be  made  as  large  as  an  ordinary  lamp  flame  by 
regulating  the  access  of  the  gas. 

Frick  {Die  Physikalische  Technik,  second  edition,  p.  48),  has  described  an  arrange- 
ment for  glass-blowing  which  can  be  employed  in  a  somewhat  altered  form  for  blowpipe 

examinations,  Fig.   9   (natural   size), 
s  ^  In  this  arrangement,  which  can  only 

be  used  where  illuminating  gas  is  at 
hand,  the  lamp  and  blowpipe  are 
combined.  Over  the  exit  tube,  a,  of  an 
ordinar}'  blowpipe  a  cylindrical  case, 
K,  conical  at  one  end,  is  slipped  and 
fastened  by  a  screw,  s.  Illuminating 
gas  flows  into  this  case  through  the 
neck,  d,  connected  with  the  gas  pipe  by 
a  rubber  tube,  g,  and  mingles  with  the 
air  issuing  from  the  aperture  of  the 
blowpipe  jet,  which  should  be  as  small 
as  possible.  The  mingled  gases  pass 
through  o,  and 
when  kindled  form 
a  long  pointed  flame.  A  few  experiments  will  soon  determine  the 
proportions  of  gas  and  air  required  to  produce  an  oxidizing  or 
reducing  flame. 

Besides  the  lamp  for  oil,  etc.,  above  described,  a 
simple  spirit-lamp,  Fig.  10,  is  employed  with  advan- 
tage for  examining  many  substances  for  volatile  in- 
gredients, in  small  matrasses  and  thin  glass  tubes, 
and  for  fusing  various  substances  with  bisulphate  of 
potassa  in  a  small  platinum  spoon,  as  well  as  for  ig- 
nitions, etc.  A  larger  spirit-lamp  can  be  employed  at 
home  than  on  a  journey,  where  the  apparattis  must.be 
as  compactly  arranged  as  possible.  rig.  lo. 


HI.  The  Blast  and  the  Flaine. 

The  blast  with  the  blowpipe  is  not  produced  by  the  respiratory 
organs,  becaiTse  then  it  could  not  be  long  sustained,  and  an  unbroken 
current  of  air  could  only  be  kept  up  for  a  short  time,  but  it  is  pro- 
duced by  the  muscles  of  the  cheeks.  The  month  is  filled  Avith  air 
which  is  forced  through  the  blowpipe  by  these  muscles,-  and  while 
blowing,  the  connection  between  the  chest  ancUthe  cavity  of  the  mouth 
is  closed  by  the  palate,  which  acts  at  the  same  time  as  a  valve,  so  long 
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as  the  month  is  sufficiently  full  of  air,  and  respiration  is  effected  only 
through  the  nose.  When,  however,  the  tension  of  the  cheek  muscles 
decreases,  air  is  again  admitted  into  the  mouth  through  the  throat 
during  the  act  of  expiration,  and  the  cheeks  thus  inflated  anew  with- 
out interrupting  the  hlast. 

Beginners  generally  commit  the  error  of  not  closing  the  connection  between  the 
chest  and  the  mouth  at  the  right  time,  thereby  allowing  the  lungs  to  work  directly  for  a 
longer  or  shorter  period.  That  this  style  of  blowing  may  be  injui'ious  to  the  health  is 
not  to  be  doubted.  Persons  unaccustomed  to  the  use  of  the  blowpipe  can  learn  to  pro- 
duce a  steady  stream  of  air  by  taking  care  to  breathe  neither  too  fast  nor  two  slowly, 
but  just  as  usual,  and  in  a  distinctly  audible  way  during  the  blast,  and  to  continue  this 
audible  breathing  until  they  can  produce  an  uninterrupted  stream  of  air  of  uniform 
force  without  the  least  straining.  Success  is  not  indeed  immediate,  but  a  few  days' 
practice  will  cause  improvement,  and  after  a  while  such  facility  is  attained  that  no 
further  special  attention  need  be  bestowed  upon  the  blast  itself,  and  any  fear  of  injury 
to  the  health  is  entirely  dissipated. 

It  is  impossihle  to  prescribe  the  manner  of  holding  the  blowpipe 
while  blowing,  and  the  position  of  both  forearms  while  treating  an 
assay,  since  this  depends  upon  habit;  but  the  blowpipe  can  be  held 
very  securely  and  conveniently  by  taking  the  long  tube  between  the 
fingers  of  the  right  hand,  but  so  that  the  inner  joints  of  the  index 
and  middle  fingers  are  above  and  the  inner  joints  of  the  other  two 
fingers  are  below  the  tube,  while  the  thumb  is  extended  and  supports 
the  tube  Avith  the  end  joint,  where  the  mouth-piece  is  attached.  It  is 
soon  found  that  the  position  of  the  forearms  is  more  convenient  when 
they  only  rest  against  the  edge  of  the  table  than  when  the  elbows  are 
placed  upon  it. 

After  learning  to  blow  a  strong  unbroken  current  through  the 
blowpipe  there  is  no  difficulty  in  producing  a  good  flame  by  conduct- 
ing the  current  through  the  flame  of  a  lamp,  but  in  addition  to  this 
a  knowledge  of  the  flame  and  its  separate  parts  is  necessary.  On 
looking  at  the  flame  of  the  blowjoipe  lamp  it  Avill  be  observed,  if  the 
wick  is  not  drawn  out  so  far  that  it  smokes,  that  it  is  composed  of 
four  separate  parts.  If  a  burning  taper  is  placed  beside  it  the  same 
parts  may  be  even  more  distinctly  observed  in  its  flame. 

Fig.  11  represents  a  candle  flame,  at  the  base  of  which  is  seen  a 
small  light-blue  part,  a  h,  surrounding  the  flame  at  this  point,  but 
narroAving  as  it  recedes  from  the  wick  and  entirely  disappearing  where 
the  sides  of  the  flame  ascend  vertically.  In  the  middle  of  the  flame 
is  a  dark  cone,  c,  surrounded  by  the  illuminating  flame  proper,  the 
mantle,  d,  on  the  outer  edge  of  which  is  a  very  thin,  scarcely  visible 
envelope,  or  veil,  a  e  h,  which  widens  toward  the  tip  of  the  flame  ana 
is  the  hottest  of  its  several  parts.     On  holding  a  rather  fine  plati- 
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num  or  iron  wire  across  the  flame  at  /  /,  it  is  seen  to  swell  most 
and  to  become  white  hot  in  the  envelope,  a  e  h,  while  in  the  darker 
l^ortion,  c,  it  scarcely  glows.  The  cause  of  this  is  as  follows :  the 
heat  of  the  flame  radiates  back  upon  the  tallow,  wax,  etc., 
and  melts  these  substances,  which  are  then  sucked  up 
through  the  capillary  force  of  the  porous  wick  and 
brought  into  a  temperature  high  enough  to  convert  them 
into  vapor.  While  these  heated  vapors  are  ascending  the 
air  enters  from  all  sides  and  its  oxygen  effects  the  com- 
bustion, but  this  takes  place  only  on  the  outer  limit  of 
the  flame,  forming  the  envelope  a  eh,  which  consists  of 
carbonic  acid  and  steam,  and  here  too  the  flame  is  hot- 
test. In  consequence  of  this  high  temperature  the  vapors 
behind  this  envelope,  consisting  chiefly  of  the  two  kinds 
of  carburetted  hydrogen,  separate  into  their  constituent 
parts,  and  the  separated  carbon  is  made  to  glow,  causing 
the  light  of  the  flame  and  the  existence  of  the  part  d. 
F'g-  11-  As  the  free  carbon  approaches  the  veil,  which  is  rich  in 
oxygen,  it  is  burned  to  carbonic  oxide,  then  to  carbonic  acid.  The 
dark  cone  in  the  flame  consists  of  undecomposed  vapors,  since  the 
heat  of  the  veil  decreases  below  and  toward  the  middle  of  the  flame. 
The  air  having  access  to  the  flame  from  all  sides,  at  a  h,  produces  a 
very  perfect  combustion,  resulting  in  the  light-blue  portion  ;  but  as 
there  is  not  enough  oxygen  to  convert  the  carbon  into  carbonic  acid, 
only  carbonic  oxide  is  formed,  and  this  causes  the  blue  color.  Of 
these  four  parts  three  can  be  as  easily  distinguished  in  the  flame  of 
the  oil-lamp  as  in  that  of  a  taper,  but  the  fourth,  scarcely  illumi- 
nating portion,  is  only  to  be  perceived  imperfectly  and  by  careful 
observation.  Only  two  of  the  parts  are  generally  employed  in  blow- 
pipe assays ;  the  slightly  illuminating  envelope  for  oxidation  and  the 
illuminating  portion  for  reduction.  With  the  blowpipe,  each  of 
these  parts  may  be  made  to  work  by  itself,  and  we  may  therefore  call 
the  slightly  illuminating  envelope  the  oiiter  or  oxidizing  flame,  and 
the  illuminating  part  the  inner  or  reducing  flame.  Cases  occur, 
however,  where  the  slightly  luminous  flame  oxidizes  too  strongly 
and  the  luminous  flame  reduces  too  strongly,  in  case  a  lively  flame  is 
needed.  Under  such  circumstances  the  blue  part  of  the  flame  is 
best  employed.  The  manner  in  which  the  different  parts  of  the 
flame  can  be  rendered  efiective  with  the  blowpijpe  will  be  particularly 
iescribed  in  the  following  pages. 
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1.    THE   OXIDIZING   FLAME.* 

Oil  blowing  into  tlie  lamp  flame  from  one  of  its  narrow  sides  so 
that  the  jet  of  the  blowpipe  extends  about  to  the  third  part  of  the 
breadth  of  the  socket,  and  the  current  of  air,  almost  touching  the 
Avick,  passes  directly  through  the  middle,  a  long  blue  flame,  a  J,  is 
produced,  which  is  really  the  same  eiS  a  b  in 
Fig.  11,  at  the  base  of  the  free,  flame,  except 
that  it  appears  in  another  form,  and  contains 
all  the  burning  gases  which  are  developed ; 
it  here  forms  a  slender  cone,  while  there  it 
only  incloses  the  lower  part  of  the  flame. 
The  hottest  point  is  in  front  of  the  tip  of  this  p,j„  ^.^ 

flame,  where  the  most  perfect  combustion  of 

the  developed  gases  occurs.  This  hottest  portion  forms  an  envelope 
about  the  whole  of  the  free  flame,  but  here  it  is  rather  contracted  to 
a  point  in  front  of  the  blue  flame,  surrounding  the  point  of  the  latter 
with  a  cone  of  flame,  which  also  extends  to  some  length  from  a  to  c, 
and  has  a  pale-blue  color.  As  before  mentioned,  the  hottest  point  is 
just  in  front  of  the  tip  of  the  blue  flame  at  d,  but  it  rapidly  decreases 
in  temperature  toward  c,  and  still  more  rapidly  toward  b.  When  a 
very  high  temperature  is  not  required,  the  oxidation  is  best  effected 
by  heating  the  assay  as  far  from  the  point  of  the  blue  flame  as  will 
admit  of  producing  the  necessary  temperature. 

An  essential  condition  in  producing  a  pure  0.  F.  is  a  wick  free 

from  charred  threads  and  hardened  particles,  and  cut  parallel  with 

the  slanting  edge  of  the  socket,  since  otlierwise  yellow  streaks  easily 

occur  in  the  blue  cone  of  flame,  which  are  rich  in  carboniferous 

particles,  and  have  a  reducing  efiect  on  the  assay.    When  an  assay  is 

treated  on  coal  a  very  strong  blast  should  not  be  used,  or  else  a  part 

of  the  coal  will  be  burned  to  carbonic  oxide  gas,  which  counteracts 

the  oxidation. 

Molybdic  acid  affords  the  best  material  for  practice  in  producing  a  pure  O.  F.,  as  it 
immediately  gives  a  brown  glass  with  borax  in  an  impure  0.  F.  A  moderate  amount 
of  it  is  dissolved  in  borax  on  a  platinum  wire  in  the  0.  F.,  at  three  to  four  millim.  dis- 
tance from  the  point  of  the  blue  flame,  and  yields  a  clear  yellow  glass,  colorless  when 
cdol.  On  treating  this  glass  directly  with  the  tip  of  the  blue  flame  for  a  short  time,  it 
becomes  brown,  and  after  blowing  longer  quite  opaque,  because  the  molybdic  acid  is 
brought  with  extraordinary  ease  to  a  lower  state  of  oxidation,  viz.,  binoxide  of  molyb- 
denum.    Even  a  yellow  streak  in  the  0.  F.  produces  a  brown  color  in  the  glass.     The 

*  Throughout  the  rest  of  this  work  the  oxidizing  flame  will  be  designated  by  the 
letters  0.  F. 
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sooner  a  borax  bead  quite  opaque  with  binoxide  of  molybdenum  can  be  rendered  clear 
again,  so  much  the  purer  is  the  0.  F.  employed,  provided  it  is  effective  enough.  To  be 
certain  that  a  suflSciently  strong  0.  F.  can  be  produced  it  is  only  necessary  to  try  to  fuse 
the  end  of  a  platinum  wire,  0.1  millim.  thick  to  a  globule.  One  end  of  the  wire  is  bent 
at  a  right  angle  and  held  in  the  0.  F.  with  its  axis  corresponding- exactly  with  the  axis 
of  the  flame  and  so  that  it  does  not  vibrate.  With  a  pure  and  strong  flame  a  globule 
•will  soon  be  observed  to  form  suddenly,  being  larger  in  size  the  stronger  the  flame 
employed. 

2.   THE   REDUCING   FLAME.* 

On  blowing  from  the  narrow  side  directly  into  the  middle  of 
the  flame,  so  that  the  blowpipe  tip  reaches  very  little  or  not  at  all 

into  it,  and  the  current  of  air,  Fig.  13,  passes 
at  a  somewhat  greater  distance  above  the  wick 
than  in  Fig.  12,  the  whole  of  the  flame  assumes 
the  same  direction  as  the  stream  of  air,  and 
appears  as  a  long  luminous  cone,  a  h,  the  end 
of  which,  a,  is  surrounded  by  the  same  pale 
bluish  flame  which  can  be  observed  with 
some  care  in  the  free  flame,  but  which  here  extends  to  c.  By  thus 
blowing  into  the  flame,  the  gases  arising  from  the  wick  are  burned, 
and  tlie  carbon,  separating  in  infinite  particles,  is  rendered  white  hot, 
and  then,  likeAvise  consumed,  producing,  in  common  with  the  vapor 
of  water  already  formed,  the  outer  flame,  which  is  plainly  visible  as 
far  as  c.  A  small  part  only  of  the  dark  cone  is  still  visible,  immedi- 
ately above  the  wick,  and  reaching  to  d,  and  between  a  and  d,  bat 
somewhat  nearer  a,  is  the  most  active  part  of  the  flame.  If  this  is 
directed,  for  example,  upon  a  reducible  metallic  oxide,  so  as  to  com- 
pletely surround  it  and  cut  off  the  access  of  air,  the  oxide  will,  owing 
to  the  tendency  of  the  free  carbon  in  the  flame  to  take  up  oxygen, 
either  be  entirely  or  partly  freed  from  its  oxygen,  according  as  the 
oxide  is  easy  or  difficult  to  reduce,  and  the  metal  hard  or  easy  to 
fuse,  or  according  as  the  reduction  is  efiected  on  coal  or  in  a  solution 
in  glass  fluxes  on  platinum  wire. 

A  good  E.  F.  is  harder  to  produce  than  a  good  0.  F.,  and  especial 
care  must  be  taken  that  the  assay  be  brought  only  into  the  most 
active  part  of  the  flame,  and  completely  enveloped  by  it,  while  the 
flame  must  be  kept  thus  unchanged  for  a  long  time. 

Binoxide  of  manganese  and  the  oxides  of  copper  and  nickel  will  serve  for  practice. 
Binoxide  of  manganese  dissolved  in  a  borax  bead  on  platinum  wire  in  the  0.  F.,  gives 
an  amethyst  red  glass,  or  when  used  in  excess  a  black  opapfue  bead,  and  the  sooner  the 
binoxide  can  be  reduced  to  protoxide,  and  the  bead  thereby  rendered  almost  colorless, 


*  The  letters  R.  F.  will  be  used  hereafter  to  designate  the  reducing  flame. 
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BO  much  the  more  perfect  is  the  E.  F.  employed.  A  similar  bead  made  with  oxide  of 
copper  or  nickel,  and  then  shaken  off,  and  treated  on  coal  with  the  R.  F.,  will  soon 
prove  whether  the  flame  produced  has  the  right  effect  or  not.  Both  of  these  oxides 
can  be  reduced  to  the  metallic  state,  the  copper  uniting  to  a  small  button,  while  the 
nickel  comes  to  the  skies  of  the  glass  in  a  state  of  cohesion.  The  sooner  the  glass  be- 
comes clear  and  colorless,  the  purer  and  more  powerful  is  the  R.  F. 

The  blue  flame,  Fig.  12,  a  h,  in  consequence  of  the  carbonic  oxide 
which  it  contains,  has  also  a  reducing  action,  so  that  by  it  metallic 
oxides,  which  are  soluble  in  glass  fluxes  and  easily  reducible,  can  be 
brought  to  a  lower  state  of  oxidation  even  on  platinum  wire,  but  it  is 
far  inferior  to  the  luminous  portion  in  its  efiects,  and  more  accurate 
results  are  therefore  always  obtained  with  the  latter  in  cases  requir- 
ing perfect  reduction. 

IV.  The  Support. 

In  treating  an  assay  with  the  blowpipe  flame,  it  must  be  supported 
on  a  body  which,  during  the  heating  and  fusion  of  the  assay,  will 
neither  combine  with  it,  nor  cause  wrong  results  in  case  the  support 
is  combustible.  In  many  cases  the  assay  is  laid  directly  on  such  a 
body,  but  in  many  others  this  occurs  indirectly,  and  the  support  is 
therefore  either  a  direct  or  an  indirect  one.. 

a.  The  Direct  Supjjort. 

1.  Coal  TVell-burned  charcoal  is  especially  s»-ited  for  the  support, 
as  it  helps  to  increase  the  heat  w^hen  necessary.  It  is  best  made  from 
mature  light  woods,  as  the  pine  and  alder,  and  cut  into  parallelopip- 
edons,  eighty  to  one  hundred  millim.  long,  and  into  square  prisms, 
according  to  the  assays  for  which  they  are  intended.  Only  those 
sides  of  the  coal  which  show  the  edges  of  the  annual  rings  are  used. 
Good  charcoal  for  blowpipe  assays  cannot,  however,  be  found  every- 
where, nor  is  it  always  possible  to  produce  sufficiently  firm  coal  by 
charring  perfectly  dry  wood  in  vessels,  and  it  is  therefore  advanta- 
geous, particularly  for  quantitative  assays,  to  make  coals  of  the  requi- 
site shape  out  of  not  too  fine  coal  dust  with  some  binding  material. 
Starch-paste,  which  Plattner  has  recommended  as  the  best  binding 
material,  is  prepared  from  one  part  by  weight  of  starch-meal  and  six 
parts  of  water.  The  starch  is  stirred 'to  a  thin  paste  in  an  earthen 
vessel  with  a  little  of  the  weighed  or  measured  water,  and  the  rest  of 
the  water  is  poured,  boiling  hot,  upon  the  paste,  and  the  whole 
briskly  stirred  with  si  beater,  until  all  the  meal  is  converted  into 
paste.  To  prepare  blowpipe  coals,  this  paste  is  rubbed  in  a  porcelain 
mortar  with  successive  additions  of  charcoal  dust,  until  the  mass  in 


16  PLATTNER'S   blowpipe   AITALTSIS. 

the  mortar  becomes  too  tough  for  any  further  admixture  of  coal  dust. 
Enough  of  coal  dust  is  then  kneaded  in  Avith  the  hands  to  render  the 
■whole  mass  stiff  and  plastic,  and  it  is  then  worked  thoroughly.  From 
this  mass  various  forms  of  blowpipe  coals  can  be  made,  as  will  be  here- 
after described.  When  made  they  are  allowed  to  dry  gradually  and 
thoroughly,  and  are  then  heated  to  a  low  redness  in  a  covered  cruci- 
ble, so  as  to  char  the  binding  material.  Small  pieces  can  be  ignited 
in  a  covered  porcelain  crucible,  over  a  spirit-lamp  with  double  draught 
or  a  gas-lamp ;  when  preparing  larger  pieces,  or  a  sufficient  supply 
of  the  coals,  it  is  best  to  choose  a  spacious  crucible  of  clay,  or  stout 
sheet-iron,  which  is  covered  with  a  close-fitting  cover,  and  heated  in 
a  small  wind  furnace  with  a  very  weak  draught,  between  glowing 
charcoal,  or  in  some  other  moderately  strong  fire.  The  charring  is 
complete  when  combustible  gases  cease  to  issue  from  beneath  the 
cover,  and  when,  on  raising  the  cover,  the  coals  in  the  upper  part  of 
the  crucible  are  perceived  to  be  at  a  low  red  heat ;  the  crucible  is  then 
removed  from  the  fire  and  allowed  to  cool  with  the  cover  on.  The 
coals  are  of  the  proper  firmness  and  ring  like  ordinary  good  charcoal 
when  thrown  on  the  table. 

The  various  forms  of  coal  to  be  prepared,  are  as  follows:  for  assays 
where  no  regard  is  had  to  the  coat,  and  for  refining  copper,  small  coals 
of  a  flat  dish-like  shape  are  made.     In  producing  them,  the  mould  to 
be  hereafter  described  for  the  clay  capsules,  Fig.  27,  is  used,  and  only  a 
special  stamp  is  needed,  which  is  best  made  of  boxwood ;  the 
moulding  part  has  the  form  of  the  segment  of  a  sphere,  con- 
structed with  a  radius  of  twenty   millim.,   Fig.   14.    After 
strewing  the  mould,  A,  Fig.  27,  with  coal  dust,  a  strip  of  paper 
about  fifty  millim.  long  and  five  millim.  wide  is  laid  over  it, 
the  cavity  filled  with  the  prepared  mass,  and  this  pressed  to- 
gether with  the  stamp,  Fig.  14,  which  has  been  dipped  in 
Fig.  14.    coal  dust.    By  means  of  the  two  projecting  ends  of  the  paper 
the  dish-shaped  coal  is  lifted  from  the  mould,  and  then 
set  aside  to  dry  in  a  moderately  warm  place,  after  which 
it  is  ignited  as  before  mentioned.     Fig.  15  shows  such 
Pig.  15.       a  coal. 
Small  coal  crucibles  are  very  well  adapted  for  decomposing  com- 
pounds of  silicic  acid  as  well'as  for  quantitative  assays.     The  cruci- 
ble mould,  Fig.  29,  to  be  hereafter  described,  is  employed  in  making 
them,  and  the  metallic  plug  is  replaced  by  a  wooden  one,  Fig.  16,  the 
diameter  of  Avhich  at  a  b  is  twenty-seven  millim.  and  at  c  nine  millim. 
The  iron  mould  is  first  pressed  full  of  the  mass,  which  has  previously 
been  rolled  into  a  ball  and  dipped  in  charcoal  dust,  and  then  the 
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Fig.  16. 


Fig.  17. 


woodcii  ping,  Fig.  16,  is  dipped  in  coal  dust  and  set  upon  it,  so  that 
the  part  c  comes  exactly  in  the  middle  of  the  mass,  which  is  then 
pressed  together.  After  removing  the  plug  by  turning  it 
gently,  the  mould  is  taken  apart  in  the  way  to  be  described 
in  making  clay  crucibles,  and  after  cutting  off  the  project- 
ing edges  on  the  two  opposite  sides,  the  coal 
is  so  far  ready  that  it  requires  only  to  be 
dried  and  ignited  in  a  closed  vessel.  The 
coal  crucible  in  the  natural  size  is  shown  in 
Pig.  17.  The  depth  of  the  cavity  in  such  a 
crucible  need  only  be  six  millim.,  and  when 
a  deeper  hole  is  necessary  for  any  quantitative  assay  it  can  be  bored 
out  and  widened  as  required,  with  the  help  of  the  coal  borer  to  be 
described  hereafter.  In  order  to  facilitate  the  handling  of  these 
coals,  capsules,  and  crucibles,  a  cylinder,  Fig.  18,  is  used  as  a  support 
for  them,  which  is  sixty  to  sixty-five  millim.  high  and  twenty-five 
millim.  in  diameter,  being  made  of  any  mass  which  is  easily  worked, 
fusible  with  difficulty  or  not  at  all,  and  is  a  poor  conductor  of  heat. 
It  is  provided  at  each  end,  A,  B,  with  cavities  corresponding  to  the 
size  of  the  coal  to  be  supported.  Pumice-stone  or  porous  burnt  fire- 
clay are  suitable  materials.  To  prepare  a  cylinder  from 
fire-clay  the  dry  powdered  clay  is  well  mixed  with  an 
equal  volume  of  coarsely-beaten  charcoal  and  then  made 
plastic  with  water.  The  cylinders  formed  from  this,  either 
by  hand  or  with  the  aid  of  a  special  mould,  are  allowed 
to  dry  thoroughly  and  then  ignited  in  a  loosely  covered 
crucible  among  coals. 

In  quantitative  blowpipe  assays  when  roasting  ores  in 
clay  capsules,  and  when  fusing  lead,  bismuth,  tin,  and 
many  nickel  and  cobalt  assays  in  clay  crucibles,  a  hollow 
coal  is  required,  which  is  secured  in  an  especial  coal-holder,  and  the 
cavity  of  which  must  be  covered  with  some  suitable  coal,  also  hol- 
lowed out,  when  a  fusion  is  to  be  performed.  For  these  coals  a  mould 
of  hard  wood  can  be  used,  constructed  as  follows:  the  main  part  of 
the  mould,  C,  Fig.  19,  consists  of  four  pieces  w^hich  fit  each  other 
exactly  and  are  held  together  by  a  brass  ring,  which  can  be  drawn 
more  or  less  tight  by  the  screw  g.  These  four  pieces  surround  n 
prismatic  space  forty  millim.  liigh  and  thirty-five  millim.  square.  A 
and  B  are  stamps,  the  rims  of  which,  a  b  and  c  d,  have  a  diameter 
just  equal  to  the  distance  between  two  of  the  strong  brass  pins 
fastened  opposite  one  another  vertically  in  the  four  pieces  of  the 
mould  (7,  and  wliicli  serve  to  bring  the  stamps  A  and  B  exactly  in 
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the   middle  of  C.     The  projecting  portion,  e,  of  the  stamp   A   is 
eighteen  millim.  long  and  has  a  diameter  of  twenty-two  millim.  at 

the  top  ;  the  part,  /, 
attached  to  ^  at  c  d, 
forms  a  segment  of  a 
sphere  which  has  a 
breadth  of  twenty- 
twio  millim.  at  its 
junction  •  with  the 
rim,  and  is  nine  mil- 
lim. thick.  D  is  a 
prism  fitting  exactly 
into  C,  and  serving 
as  a  bottom  in  mak- 
ing coals  for  roast- 
ing and  fusions.  E 
is  a  prism  seventeen 
millim.  high,  which 
is  laid  upon  D  when 
only  coal  covers  are  to  be  made,  and  hence*  also  serves  as  a  bottom. 
When  coals  are  to  be  made  in  this  mould  a  piece  of  paper  corre- 
sponding to  the  size  of  the  mould  is  laid  on  the  bottom  prism,  the 
side  sutfaces  are  rubbed  with  a  little  coal  dust,  the  empty  space 
pressed  full  of  the  coal  mass,  and  the  requisite  stamp,  the  moulding 
part  of  Avhich  has  likewise  been  dipped  in  coal  dust,  is  pressed  firmly 
into  it,  turning  the  stamp  a  little  at  the  same  time  on  its  axis  and 
then  drawing  it  carefully  out.  By  loosening  the  ring  and  removing 
it  from  the  mould  the  separate  pieces  can  be  easily  taken  away  by 
sliding  each  one  downward  from  the  moulded  coal,  which  is  then 
ready  for  drying  and  charring  the  binding  material.  Such  coals 
must  be  dried  with  care,  as  they  are  liable  to  crack  if  put  immediately 
in  a  very  warm  place,  ^is  a  coal  as  it  is  used,  when  secured  in  the 
coal-holder,  for  roasting  in  clay  capsules  and  fusions  in  clay  cruci- 
bles, and  G^  is  a  coal  which  serves  to  cover  the  cavity  in  the  former 
coal  during  fusions.  Both  coals  are  bored  through  shortly  before 
use,  the  former  on  the  side,  the  latter  in  the  middle  of  the  hollow, 
as  will  be  described  in  the  proper  place;  the  cavity  in  ^can  also  be 
made  deeper  and  wider  with  a  coal-borer,  as  required. 

When  there  is  a  total  lack  of  charcoal  suitable  for  qualitative  as- 
says, in  which  long  pieces  in  the  shape  of  a  parallelopipedon  are  gen- 
erally needed,  they  can  also  be  made  in  the  above  manner,  by  means 
of  the  mould  shown  in  Fig.  20.    In  this  case,  however,  if  the  coal 
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dust  on  burning  leaves  a  considerable  amount  of  ash,  it  must  first 
be  purified  by  digesting  it  in  aqua  regia  and  then  washing  it  wel]' 
with  hot  water.  The  coals,  about  eighty  millim.  long,  twenty  mil 
lim.  wide,  and  from  ten  to  twenty  millim. 
thick,  are  made  in  the  following  way :  the 
main  part,  A,  of  the  mould,  which  consists 
of  four  pieces,  abed,  held  together  by  a 
brass  band,  B,  and  surrounding  a  space 
eighty  millim.  long,  twenty-one  millim. 
wide,  and  thirty  millim.  high,  is  placed 
upon  a  firm,  even  support,  and  a  piece  of 
wood  five  millim.  thick,  corresponding  in 
length  and  width  to  the  inside  of  the  mould, 
is  laid  in  it  for  a  bottom.  This  bottom  is  covered  with  a  piece  of 
paper  of  the  same  size,  the  empty  space  filled  with  as  much  of  the 
coal  mass  as  is  needed  to  make  a  coal  of  a  given  thickness,  and  on 
this  is  placed  another  piece  of  paper,  the  size  of  the  first,  and  finally 
the  moulding  part,  B,  having  a  section  twenty-one  millim.  square,  is 
inserted  and  the  mass  pressed  together.  This  done,  the  screw,  /,  is 
turned  enough  to  loosen  the  brass  band,  when  the  four  pieces,  abed, 
are  drawn  out  separately  and  the  coal,  after  being  freed  from  the  ad- 
hering papers,  is  ready  to  be  dried  and  charred.  By  holding  the 
mould  in  both  hands  and  pressing  down  the  piece  ^  with  the  thumbs, 
the  monlded  coal  may  be  removed  without  taking  the  mould  apart, 
but  its  interior  surfaces  must  be  wiped  off  every  time  before  moulding 
a  new  coal,  lest  particles  of  the  mass  should  adhere  to  them,  and  the 
easy  separation  is  promoted  by  rubbing  the  sides  of  A  with  a  little 
coal  dust.  The  binding  material  of  these  coals  must  likewise  be 
charred  when  they  are  perfectly  dried.  These  long  coals,  as  well  as 
cut  pieces  of  charcoal,  after  being  used,  are  best  cleansed  from  the 
coats,  etc.,  which  may  be  on  them,  and  prepared  for  further  use,  by 
means  of  a  file  or  rasp. 

2.  Platinum  in  the  shape  of  wire,  foil,  and  spoons. — The  best  plat- 
inum wire  for  qualitative  use  is  about  0.4  millim.  thick,  and  is  cat 
into  pieces  about  forty-five  millim.  long,  with  a  loop  at  one  end.  Fig. 
21,  A.  This  serves  as  a  su}jport  for  borax  and  salt  of  phosphorus 
beads,  which  can  thus  be  very  conveniently  examined,  and  are  quite 
free  from  the  false  play  of  colors  that  often  appears  on  coal,  through 
the  position  of  the  bead  on  the  black  support.  In  examining 
metallic  alloys,  however,  and  in  reduction  assays  where  easily  fusible 
metals  separate,  platinum  wire  cannot  be  used,  but  coal  must  always 
be  used  as  a  support.     When  in  use  the  wire  is  either  fixed  in  a  soft 
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cork  or  secured  in  an  especial  holder,  Fig.  21,.  B,  which  also  serves 
as  a  case  for  several  wires.  To  prevent  injury  to  the  wires  from 
the  screw,  holders  are  used  in  which  the  wire  is  inserted  into  the 
middle  of  two  slits  crossing  each  other  at  right 
^^auffles;  the  latter  are  then  shut  tight  by  a  band 
which  is  thrust  over  them  and  ari-anged  to  screw  up 
and  thus  hold  the  wire.  In  Fig.  22,  the 
upper  part  of  such  a  holder,  with  the  band, 
a,  is  represented  in  the  natural  size.  The 
loop  is  most  readily  cleansed  from  adhering 
substance  by  warming  it  in  a  test  tube  with 
dilute  hydrochloric  acid,  and  then  rinsing 
it  with  distilled  water.  Besides  several  slen- 
der wires  there  may  be  another,  0.6  millim. 
thick,  and  likeAvise  bent  to  a  loop  at  one 
end,  Fig.  21,  C,  which  is  of  advantage  in  testing  for  tantalic  and 
tungstic  acids,  etc.,  where  the  substance  must  be  fused  with  alkaline 
carbonates.  It  is  either  held  with  the  fingers  or  fastened  in  a  small 
cork. 

.The  use  of  platinum  foil  in  qualitative  examinations  is  very  limited. 
The  thin  rolled  foil  is  cut  into  strips  about  sixty  millim.  long  and 
fifteen  millim.  wide,  and  when  in  use  the  free  end  is  either  held  in  the 
forceps  or  thrust  into  the  end  of  a  long  piece  of  charcoal,  between  the 
yearly  rings.  Metallic  substances  in  the  reguline  state,  or  such  as  are 
easily  reduced  and  fused  during  the  blast,  must  not  be  treated  on 
platinum  foil,  since  they  combine  with  it  and  render  the  correspond- 
ing spot  useless.  The  foil  is  generally  used  to  fuse  substances  con- 
taining manganese  with  carbonate  of  soda,  which  becomes  bluish- 
green  on  cooling,  from  the  presence  of  manganate  of  soda,  and  thus 
the  presence  of  manganese  is  indicated. 
A  platinum  spoon  is  necessary  for  many  assays,  and  it  is,  in  fact, 

advantageous  to  have  two,  one  about  fifteen 
'  millim.  in  diameter.  Fig.  23,  and  a  smaller 
one.  Fig.  24,  about  nine  millim.  in  diameter. 
"  On  using  the  larger  spoon,  the  handle,  which 

must  also  be  of  platinum,  is  inserted  into  a 
small  wooden  holder,  or  into  a  piece  of  cork ; 
the  smaller  spoon  is  held  fast  by  the  handle 
with  the  forceps.  The  larger  spoon  is  used 
for  fusing  certain  substances  with  bisulphate 
of  potassa,  for  heating  the  gold  obtained  from 
a  quantitative  assay,  and  for  other  purposes ;  the  smaller  one,  on  the 


Fig.  23. 


Fiff.  24. 
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other  hand,  serves  only  for  the  fusion  of  certain  substances  with 
saltpetre.  If  it  happens,  after  a  fusion  with  saltpetre,  that  the  spoon 
does  not  become  clean  by  dissolving  the  fused  mass  in  water,  on  ac- 
count of  adherent  particles  of  metallic  oxides,  it  is  ouly  necessary  to 
melt  a  little  bisulphate  of  potassa  in  it  over  the  spirit-lamp,  and  then 
to  cleanse  it  with  water. 

A  thin  platinum  dish,  about  thirty  millim.  in  diameter,  and  ten  millim.  deep,  is  of 
advantage  for  decomposing  many  combinations  of  fluorine  by  sulphuric  acid,  as  well 
as  for  igniting  filters,  the  precii)itates  on  which  are  to  be  weighed  or  further  examined. 
A  thin  piece  of  platinum  foil  is  used  to  cover  the  dish  more  or  less  during  ignition 
when  reqiiired. 

3.  Glass  tuies  and  matrasses. — For  recognizing  in  minerals,  ores, 
and  products,  substances  which  become  volatile  at  a  high  temper- 
ature by  access  of  air,  tubes  recommended  by  Berzelius,  are  used, 
from  one  hundred  and  twenty  to  two  hundred  millim.  long  and  about 
six  millim.  in  diameter,  Avhich  are  open  at  both  ends.*  The  assay 
is  placed  near  one  end,  which  is  then  inclined  downward,  while  the 
other  end  is  warmed  over  a  spirit-lamp,  so  as  to  create  a  draught 
through  the  tube,  and  then  the  spot  where  the  assay  lies  is  to  be 
heated.  When  but  little  heat  is  required  for  driving  off  the  volatile 
substances,  or  those  which  become  volatile,  the  free  flame  of  the 
spirit-lamp  is  used;  but  if  otherwise  the  blowpipe  flame  must  be 
employed.  The  tube  is  inclined  more  or  less  according  to  the  strength 
of  the  draught  desired.  The  volatile  substances  formed  during  the 
roasting  either  pass  off  as  gases,  or  are  sublimed  upon  the  interior 
of  the  tube,  and  can  thus  hQ 
easily  recognized.  A  small  sup- 
ply of  these  tubes  is  to  be  kept, 

and   when  one  has  been  em-  -  •  ^j,,  g^ 

ployed  it  is  broken  off  by  filing  a  notch  above  the  spot 
used  and  then  cleansed  and  kept  for  another  assay. 
When  it  finally  becomes  too  short,  one  end  is.closed  by 
melting,  and  it  will  still  serve  for  a  sublimation  test. 
To  prevent  the  assay  from  fcilhng  out  of  the  inclined 
tube  before  it  adheres  to  the  glass,  Berzelius  recom- 
mends bending  one  end  of  the  tube  at  an  obtuse  angle. 
Fig.  25.  The  assay  is  then  laid  in  the  angle  a,  and 
the  tube  inclined  as  required. 

A  matrass  is  a  tube  closed  below  and  blown  into  a 
bulb,  Fig.  2Q,  A,  and  is  sixty  to  seventy  millim.  high. 


B 


Fig.  26. 


*  These  will  hereafter  be  designated  as  open  tubes. 
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It  is  used  for  ascertaining  the  presence  of  water  or  any  volatile  body 
in  a  substance,  or  in  case  a  substance  which  decrepitates  strongly  is 
under  treatment  and  is  to  be  further  examined.  The  matrass  is 
heated  over  a  spirit-lamp,  and  when  used  for  another  assay  must  be 
cleansed  Avith  dilute  acid  or  water  and  thoroughly  dried,  which  is 
accomplished  very  simply  and  rapidly  by  warming  it  well  over  the 
spirit-lamp  and  sucking  out  the  water  in  the  form  of  vapor  through 
a  slender  glass  tube  that  reaches  into  the  bulb  of  the  matrass.  Fresh 
air  thus  enters,  and  by  continued  suction  removes  every  trace  of 
water  in  the  form  of  vapor. 

When  combustible  bodies,  like  sulphur,  arsenic,  etc.,  are  to  be  sub- 
limed from  a  mineral,  ore,  or  product,  a  glass  tube.  Fig.  26,  B,  five  to 
six  millim.  wide  and  seventy  to  eighty  millim.  long,  is  used,  which  is 
melted  together  at  one  end,  but  is  not  enlarged,  so  that  neither  com- 
bustion nor  partial  oxidation  of  the  combustible  bodies  can  take 
place,  as  would  be  caused  by  a  slight  current  of  air.*  A  small 
supply  of  matrasses  and  closed  tubes  should  also  be  kept  on  hand. 

4.  Capsules  and  crucibles  of  fire-clay. — The  capsules  are  used  for 
roasting  minerals,  ores,  and  metallurgical  products,  which  are  to  be 
quantitatively  examined  for  the  metal  in  them,  as  well  as  for  roasting 
substances  consisting  of  a  mixture  of  earthy  parts  with  metallic  arsen- 
ides and  sulphides,  which  are  to  be  examined  only  qualitatively  for  the 
earths  or  metals,  as  for  example,  ores  dressed  on  a  large  scale.  These 
capsules  are  made  in  the  following  way :  First  a  stiff  paste  is  made  of 
elutriated  fire-clay.  Then  the  moulding  surfaces  of 
the  boxwood  mould,  Fig.  27,  A  B,  of  which  A  has  a 
width  of  20.5  millim.,  above,  and  a  depth  of  7  mil- 
lim., while  B  is  constructed  on  a  radius  0.8  millim. 
smaller,  are  rubbed  with  oil  and  a  strip  of  thin  pa- 
per, fifty  millim.  long  and  five  millim.  Avide,  is  laid 
over  the  cavity  of  the  mould.  A  ball  of  the  soft 
clay  mass,  about  tAvelve  millim.  in  diameter,  is  then 
placed  on  the  middle  of  the  paper  and  pressed  firmly 
into  the  cavity  Avith  the  fingers,  and  after  plac- 
ing ^  on  a  firm  level  support  and  holding  it  Avith 
one  hand,  tlie  convex  part,  B,  is  pressed  with  the 
Fig-  2T.  other  hand  in  a  vertical  j)osition  directly  into  the 

middle  of  the  clay  as  far  as  necessary,  being  turned  a  quarter  of  a  revo 
lution  on  its  axis.     By  this  means  the  superfluous  clay  is  pressed  out 
at  the  side,  and  B  can  be  easily  draAA^n  out  by  turning  it  carefully. 


*  Such  tubes  will  hereafter  be  designated  as  closed  tubes. 
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Fig.  28. 


As  mucii  of  the  clay  which  has  been  forced  out  is  cut  oflf  as  is  neces- 
sary, and  then  the  edge  of  the  capsule  is  examined,  to  see  whether 
it  is  sufficiently  thin  all  around,  or  whether  one  side  is  thicker 
than  the  other.  Fig.  28  shows  a  section  of  such  a  cajosule,  in  the 
natural  size,  which  must  be  only  0.8  millim.  thick 
before  it  is  burned.  If  it  is  too  thick  on  one  side, 
B  must  be  again  pressed  into  it,  rather  more  on 
the  thick  side,  or  exactly  in  the  middle  if  it  is  too 
thick  all  around.  After  carefully  withdrawing  the  convex  piece, 
B,  and  cutting  away  the  superfluous  clay,  one  end  of  the  paper 
strip  is  taken  in  one  hand  and  the  other  end  in  the  other  hand, 
and  the  capsule  cautiously  lifted  from  the  mould.  When,  through 
want  of  practice,  the  capsules  become  disturbed  in  removing  them 
from  the  mould,  they  can  be  restored  to  shape  by  pressing  them 
separately  with  the  fingers  against  the  convex  piece,  B,  on  all  sides, 
before  they  have  become  dry  in  the  air.  During  this  operation 
the  paper  strips  separate  of  themselves,  and  the  basins  are  set  aside 
to  dry  in  a  warm  place,  after  which  they  are  put  in  a  vessel  of 
baked  clay,  which  is  set  uncovered  in  a  potter's  baking  furnace,  or 
in  some  other  fire,  where  they  can  be  brought  to  a  red  heat,  as  in 
an  assay  muffle,  which  has  just  been  fired  up,  or  in  a  simple  coal  fire. 
They  may  also  be  baked  in  a  platinum  crucible  ovei'  a  spirit-lamp 
with  a  double  draught,  or  a  gas-lamp.  These  basins  shrink  a  little 
in  baking,  but  remain  just  the  size  required. 

The  crucibles  are  used  for  quantitative  assays.  They  are  formed 
in  a  brass  mould,  consisting  of  a  plug  and  a  box,  the  latter  being 
composed  of  two  parts  held  firmly  by  «,  ring. 
Fig.  39  represents  this  instrument,  and  Fig.  30 
a  prepared  clay  crucible.  A  is  the  plug,  with 
four  conical  openings  at  a  to  let  out  the  excess 
of  clay  put  into  the  mould.  The  moulding 
part  has  a  diameter  of  nineteen  millim.  above, 
and  is  fourteen  millim.  long;  B  is  the  box, 
consisting  of  two  halves,  fitting  exactly  to- 
gether and  forming  a  blunt  cone.  At  h,  on 
the  inner  side  of  each  half,  which  is  about  0.8 
millim.  from  the  plug  all  around,  the  corners 
are  somewhat  blunt,  so  that  slight  cavities 
are  formed  in  the  box  at  two  opposite  points, 
and  when  moulding  crucibles  these  become 
filled  Avith  clay,  thus  preventing  the  crucible 
the  plug  is  turned. 


Fig.  29. 

from  turning  when 
C  is   the  bindino;   ring  into  which   the  box   ia 
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slipped,  so  that  it  can  be  easily  lifted  out,  and  tlie  lower  surface  of  the 
box  and  ring  are  in  the  same  plane. 

To  mould  a  crucil'l'.",  small  balls  are  formed  with  the  fingers  from 
a  stiff  paste  of  Avater  and  elutriated  fire-clay,  each  containing  rather 
more  than  is  needed  for  a  crucible,  and  they  are  then  allowed  to  dry 
in  the  open  air,  until  they  can  only  be  pressed  between  the  fingers 
with  difficulty.  The  moulding  surface  of  the  box  and  plug,  and 
those  faces  which  are  to  lie  upon  one  another,  are  then  rubbed  with  a 
very  little  oil,  and  the  mould,  with  the  ring,  is  placed  upon  the  anvil, 
which  rests  upon  some  elastic  support,  such  as  a  wool- 
len cloth  folded  several  times.  The  clay  ball  is  then 
put  into  the  box  and  the  plug  driven  in  so  far,  in 
a  vertical  position,  with  a  wooden  mallet  that  the 
Fig.  .30.  projecting  rim,  c,  rests  upon  the  edge,  cl,  of  the  box. 
The  plug  is  then  lifted  out  by  turning  it,  which  also  removes  the 
superfluous  clay;  the  box  is  pressed  out  of  the  ring  from  below,  and 
while  one  half  is  held  between  the  fingers  of  one  hand  and  the  other 
with  the  other  hand,  the  halves  are  separated  in  succession  from 
the  moulded  crucible.  This  is  best  done  by  sliding  one  half  down  a 
little  loosened  on  the  other  half  so  as  to  loosen  the  crucible,  and  then 
the  first  half  is  pressed  gently  against  it  while  the  other  half  is 
in  the  same  manner  and  entirely  detached,  when  the  crucible  can 
be  removed  in  a  perfect  state  from  the  first  half.  The  crucibles, 
after  being  freed  with  a  sharp  knife  from  the  two  projecting  bits  of 
clay,  are  set  aside  to  dry,  either  at  first  in  the  fresh  air,  or  else  directly 
in  a  warm  place,  and  are  then  baked  in  the  same  way  as  the  clay 
capsules. 

No  time  should  be  spared  in  making  clay  capsules,  since  it  is  an  essential  condition 
that  they  should  be  quite  thin,  and  the  clay  must  not  be  worked  up  too  hard  or  too  soft- 
If  too  hard  the  capsule  is  moulded  with  difficulty,  if  too  soft  it  can  seldom  be  lifted  from 
the  mould  without  tearing.  The  consistence  proper  for  the  clay  mass  is,  however,  very 
soon  learned.  When  the  mould  is  new  the  oil  rubbed  on  the  surfaces  generally  soaks 
into  it,  and  the  moulded  basin  cannot  be  taken  out  without  tearing  it,  and  it  is  well 
when  using  a  new  mould  to  rub  it  several  times  with  oil  and  let  it  soak  in  thoroughly. 
A  must  likewise  be  rubbed  with  less  oil  than  B,  since  otherwise  the  basin  may  easily 
adhere  to  B,  and  be  lifted  out  with  it. 

5.  Bone-ash. — It  is  used  to  make  small  cupels  upon  which  aurifer- 
ous and  argentiferous  lead  obtained  from  blowpipe  assays  is  cupelled. 
Two  grades  are  used,  the  sifted 'm\(\.  the  elutriated  bone-ash. 

Bones  of  quadrupeds  are  thoroughly  calcined,  the  perfectly  white 
portions,  free  from  coaly  parts,  are  selected,  broken  up  and  stamped 
in  a  mortar  until  the  powder  will  go  through  a  fine  hair  sieve.  This 
yields  the  sifted  bone-ash.     A  portion  of  the  sifted  bone-ash  is  put 
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into  a  large  beaker  glass,  which  is  then  nearly  filled  with  jiure  water, 
and  the  whole  stirred  with  a  glass  rod  and  afterward  allowed  to  stand 
a  moment.  During  this  time  the  coarse  particles  settle,  while  the 
finer  ones  remain  for  the  most  part  suspended  in  the  cloudy  Avater, 
which  is  then  carefully  decanted  into  another  beaker  and  allowed  to 
remain  quiet  until  the  fine  particles  have  settled,  when  the  most  of 
the  water  is  poured  off.  As  some  fine  particles  settle  with  the  coarse 
the  elutriation  should  be  repeated  until  the  water  is  only  slightly 
cloudy.  The  fine  elutriated  bone-ash  is  then  brought  upon  a  filter, 
so  that  most  'of  the  water  flows  off,  and  is  then  dried  and  heated  to 
redness.  Both  sorts  readily  absorb  moisture  and  must  be  kept  in 
glass-stopped  bottles.  The  coarse  powder  remaining  from  the  elutria- 
tion can  be  again  pulverized  and  elutriated.  The  manner  of  making 
the  cupels  will  be  given  in  the  description  of  the  cupel  moulds,  under 
instruments. 

h.  Tlie  Indirect  Supports. 

1.  Soda-paper. — In  the  quantitative  determination  of  several  metals 
the  weighed  and  prepared  assay  must  be  wrapped  in  something  which 
withstands  the  first  action  of  the  blowpipe  flame,  so  as  to  prevent  the 
particles  of  ore  from  being  blown  away.  Harkort  *  found  fine  letter- 
paper,  soaked  in  a  solution  of  carbonate  of  soda  and  dried,  to  be  most 
suitable,  and  this  paper  may  be  used  with  advantage  for  Avrapping  up 
bulky  charges  in  qualitative  analyses  also;  but  since  letter-paper  fre- 
quently contains  foreign  substances,  such  as  oxide  of  cobalt,  fine  filter- 
paper  should  then  be  substituted  for  it.  Thin  strips  of  both  sorts 
of  paper  are  drawn  through  a  solution  of  half  an  ounce  of  crystallized 
carbonate  of  soda,  free  from  sulphate,  in  an  ounce  of  pure  water, 
which  is  put  in  a  shallow  vessel,  such  as  a  porcelain  dish.  The  strips 
are  dried  slowly  in  the  air,  or  in  a  moderately  warm  place,  and  are 
then  cut  into  pieces  thirty-five  millim.  long  and  twenty-five  millim. 
wide,  and  kept  for  use.  When  used  they  are  made  into  small  cylin- 
ders, as  will  be  described  hereafter. 

2.  A  mixture  of  seven  parts  charcoal  and  one  part  fire-clay. — It  is 
used  to  line  the  small  clay  crucibles  in  quantitative 

tin  and  lead  assays,  and  is  made  thus :  Seven  parts  of 
very  fine  dry  charcoal  powder  and  one  part  of  elutri- 
ated fire-clay  are  weighed  out,  the  latter  is  thoroughly 
mixed  with  water  in  a  shallow  dish,  and  the  coal  dust 
is  then  poured  in  and  kneaded  with  the  clay  Avater  '=' 

to  a  paste,  which  is  allowed  to  dry  in  a  Avarm  place,  and  afterwaril 
nibbed  to  poAvder  again,  in  which  state  it  is  kept  for  use.     To  li)ie  a 

*    Probirktaist  init  deiii  Lijthrohre,  Freiberg,    1827,  vol.  i.  p.  34. 
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clay  crucible  with  this  mixture,  a  small  quantity  is  made  into  a  paste 
with  water  in  a  small  porcelain  dish,  and  part  of  it  rubbed  inside  of 
the  crucible,  so  as  to  lie  about  three  millim.  thick  at  the  bottom  and 
thinuer  on  the  sides,  especially  about  the  edge,  as  is  seen  in  Fig.  31. 
While  part  of  the  water  soaks  immediately  into  the  baked  crucible 
another  portion  remains  in  the  j)aste,  which  is  still  so  soft  that  it  may 
be  rubbed  smooth  on  all  parts,  with  the  dry  plug  of  the  crucible 
mould,  Fig.  29,  A.  The  lined  crucible  is  then  thoroughly  dried  over 
the  free  lamp  flame. 

V.  Instruments,  small  Vessels,  and  other  Ohjects 
used  in  Blowpipe  Analyses.^ 

1.  A  delicate  talance. — For  quantitative  assays  this  must  be  ca- 
pable of  indicating  with  precision  an  additional  0.1  milligr.  when 
loaded  with  two  decigr.,  and  should  be  so  made  that  it  can  be  easily 
set  up  and  taken  apart.     Fig.  32  is  a  perspective  view  of  such  a  bal- 


Fig.  32. 

ance,  as  constructed  by  A.  Lingke,  for  blowpipe  assays.  The  beam, 
which  is  one  hundred  and  eighty  millim.  long,  moves  on  carnelian 
plates,  and  all  of  the  brass  work  is  gilded.     The  tongue  from  a  to  3 

*  Blowpipe    instruments  are  accurately  made  by  Geo.  Wale  &  Co.  Stevens'  Institute,  Hobo- 
ken,  N.  J. 
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is  one  hundred  millim.  long,  and  the  cords,  including  the  hooks,  one 
hundred  and  forty  millim.  The  scale-pans  attached  to  the  cords  are 
thirty-three  millim.  in  diameter,  and  very  slightly  concave,  and  on 
each  of  them  stands  a  small  gilt  pan  fifteen  millim.  wide  and  four 
millim.  deep,  to  receive  the  objects  to  be  weighed  and  the  weights. 
The  two  larger  pans,  g,  g,  each  twenty  millim.  in  diameter,  are  used  for 
weighing  bulky  substances.  The  balance  is  set  up  on  a  low  box,  in- 
side of  which  it  can  be  packed,  together  with  other  instruments,  when 
taken  apart.  On  the  lid  of  the  box  is  screwed  a  stout  upright  brass 
rod,  to  which  the  balance  is  secured  by  a  screw,  and  the  beam  is  raised 
by  a  fine  silk  cord  which  passes  over  three  pulleys,  c,  d,  e,  the  lowest 
one,  e,  being  separately  screwed  in.  This  cord  is  attached  at  one  end 
to  the  support  of  the  beam,  and  at  the  other  end  to  a  knob,  which  is 
fastened  in  the  box,  and  can  be  turned  so  as  to  wind  up  the  cord.  The 
brush,  /,  fastened  on  a  movable  brass  arm,  serves  to  prevent  unneces- 
sary swinging  of  the  tongue.  When  the  balance  is  to  be  used  for  de- 
termining the  specific  gravity  of  minerals,  metallurgical  products,  etc., 
the  necessary  pans  can  be  made  for  it.  It  is  very  advantageous  to 
protect  the  balance  against  dust  and  currents  of  air  by  a  glass  case. 
Lingke  has  constructed  one  for  this  purpose,  which  can  be  folded  up 
and  transported  on  a  journey. 

2.  Weights. — The  fittest  weight  for  blowpipe  assays  is  the  gramme 
used  by  Harkort.  One  decigramme  =  100  milligr.  serves  as  the  assay 
centner  (hundred  weight),  and  is  the  3.7.5  part  of  the  assay  centner 
used  at  the  Freiberg  Smelting  Works,  which  contains  exactly  3.75  grm. 

The  highest  weight  required  for  blowpipe  assays  is  a  one-hundred 
milligrm.  piece,  but  sometimes  a  greater  weight  is  very  desirable,  and 
we  can  always  attain  our  object  by  having  a  set  of  weights,  which  is 
best  made  of  silver,  and  consists  of  the  separate  pieces  given  below. 
The  fractions  of  a  milligramme  are  made  of  pith.  On  each  jnece  the 
weight  in  milligrammes  is  given,  the  figures  from  1000  to  100  being 
engraved,  while  on  the  other  pieces  down  to  one  milligramme,  which 
are  quite  thin,  they  are  struck  or  pressed,  and  the  fractions  of  a  mil- 
ligramme are  only  distinguished  by  their  size. 

The  following  is  a  list  of  the  pieces  composing  a  set  of  blowpipe  weights  for  the 
Freiberg  balances  : — 1  piece  of  1  grm.  in  weight,  1  piece  of  5  decigrm.,  2  of  2  decigrm., 

1  of  1  docigrm,  =  1  blowpipe  assay  centner  =  100  milligrm.,  1  piece  of  5  centigr.,  2  of 

2  centigrm.,  1  of  1  centigrm.,  1  piece  of  5  millignn.,  2  of  2  milligrm.,  1  of  1  milligrm., 
1  of  0.5  milligrm.,  2  of  0.2  milligrm.,  2  of  0.1  milligrm. 

3.  Bloivjnpe  assay  scale,  or  Plattnei^s  scale. — The  silver  button  ob- 
tained by  a  blowpipe  assay  of  100  milligrm.  =  1  assay  centner,  of  an 
ore  poor  in  silver,  is  so  small  that  its  weight  cannot  be  determined  on 
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tlu-  balance,  and  Harkort  conceived  the  idea  of 
measuring  such  buttons  on  a  scale  constructed  foi 
the  purpose.  This  idea  he  executed  so  well  that  it 
is  possible  to  determine  with  sufficient  accuracy  the 
proportion  of  silver  in  an  ore,  mineral,  etc.,  even 
when  it  contains  less  than  0.0033  per  cent,  or  0.96 
ozs.  troy  in  a  ton  of  2000  lbs. 

This  scale  is  founded  on  the  princijDle  that  the 
iveights  of  the  inetallic  sijheres  are  j^roportional  to  the 
cubes  of  their  diameters,  and  that  these  diameters 
can  he  accurately  compared  together  hy  means  of  two 
fine  convergent  lines,  between  which  the  spheres  are 
laid. 

Plattner,  following  Harkort's  plan,  prepared  a 
scale,  which  is  figured  in  the  form  formerly  made  by 
Lingke  in  Fig.  33,  but  this  form  is  not  adapted  for 
universal  use.*  The  scale  is  made  of  ivory  and  the 
lines,  a  h,  a  c,  diverge  1  millim.  at  a  distance  of  156 
millim.  To  determine  the  weight  of  a  silver  button, 
it  is  placed  with  a  pair  of  fine  forceps  between  the 
two  convergent  lines,  a  b,  a  c,  and  then,  w'ith  the  aid 
of  a  magnifyiug-glass,  moved  into  a  position  where 
the  lines  are  just  tangent  to  its  sides,  the  eye  being 
held  vertically  over  it  to  avoid  any  parallax.  On  the 
left  hand  are  the  numbers  of  the  transverse  lines, 
and  the  figures  on  the  right  give  the  Loths  in  a 
centner  (110  lbs.),  when  one  assay  ctr.  of  ore  was 
used.  As  now  constructed  in  Freiberg,  these  scales 
show  at  once  by  the  right-hand  figures  the  percent- 
age of  silver  in  an  ore ;  in  case  of  gold  buttons,  the 
percentage  must  be  obtained  from  the  tables  given 
below,  aud  these  tables  may  also  be  used  for  learn- 
ing the  percentage  of  silver  when  the  bead  has  been 
measured  on  the  old-fashioned  scales,  represented 
in  Fig.  33,  and  the  right-hand  figures  of  which 
rvaifrom  122.5  down  to  0.0009.     In  using  the  table 

*  Altlioiigh  no  longer  made  by  Lingke,  the  old  form  of  Platt- 
ner's  scale  is  frequently  met  with.  The  modern  form  is  similar 
in  all  vespec'ts,  except  that  the  right-hand  column  of  figures 
shows  the  percentage  of  silver  directly,  the  figures  running  down 
from  3.48  to  0.00002,  as  given  in  the  table  on  p.  29. 
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the  position  of  the  button  as  regards  the  transverse  short  lines  is 
noted,  and  the  corresponding  percentage  of  silver  or  gold  in  the  ore 
is  read  off  from  the  table. 


No.  of  the 

Transverse 

Line. 

Percentage  of 

Silver. 

No.  of  the 

Transverse 

Line. 

Percentajje  of 

Silver. 

Percentage  of 
Gold. 

5o 

3 -4801 1 

26 

0.48933 

I -o6523 

49 

3.27545 

25 

o-435oi 

0  -  94609 

48 

3-07898 

24 

0-38487 

0-83784 

47 

2.89053 

23 

0-33874 

0-73741 

46 

2-70992 

22 

0-29644 

0-64534 

45 

2 '53700 

21 

0-25783 

o-56i34 

44 

2-37160 

20 

0-22273 

0-48485 

43 

2 -21 545 

19 

0 . 1 9096 

0.41570 

42 

2-06268 

18 

0.16237 

0-35346 

4i 

I -91882 

17 

0-13678 

0-29776 

4o 

1-78182 

16 

0- ii4o4 

0-24824 

39 

I -65 I 49 

i5 

0-09396 

0-20455 

38 

I -52769 

i4 

0-07639 

0 • I f 63o 

3? 

I -4l022 

i3 

0  -  06 1 1 6 

0- 13296 

36 

I -29894 

12 

0-04811 

0-10473 

35 

I-19368 

II 

o-o37o5 

0-08066 

34 

1 -09426 

10 

0-02784 

0-06061 

33 

I -00052 

9 

0-02029 

0.04418 

32 

0-91229 

8 

0-0142.5 

0  - o3 1 o3 

3i 

0-82941 

7 

0-00955 

0-02079 

3o 

0-75170 

6 

0  -  0060 1 

o-oi3o9 

29 

0-67903 

5 

o.oo348 

0-00757 

28 

o-6i 1 16 

4 

0-00178 

0 -00388 

27 

o- 54799 

3 

0-000752 

0-00164 

2 

0-000223 

0-00048 

I 

0-000028 

0  -  00006 

It  is  scarcely  necessary  to  remark  that  in  reckoning  the  percentage 
of  silver  only  two  decimal  places  need  be  nsed,  and  when  the  next 
decimal  figure  is  above  five  the  preceding  one  is  increased  by  one ; 
thus,  in  case  of  line  23  for  0.33874  read  0.34.  Should  the  button 
come  about  midway  between  two  of  the  transverse  lines  the  percent- 
age is  found  by  simply  dividing  the  sum  of  the  percentages  corre- 
sponding to  these  lines  by  two.  Should  it,  however,  lie  nearer  one  line 
than  the  other  the  space  between  the  lines  may  be  divided  into  thirds 
by  the  eye,  and  if  the  button  lies  in  the  lower  third  add  one-third  to 
the  percentage  corresponding  to  the  lower  line,  or  if  in  the  upper  third 
subtract  one-third  from  the  percentage  indicated  by  the  upper  line. 

The  number  of  troy  ounces  in  a  ton  of  ore  may  be  readily  reckoned 
after  obtaining  the  percentage  of  silver  or  gold;  either  from  the  scale 
or  by  weigliing,  by  noting  the  fact  that  one  per  cent,  of  a  ton  of  2000 
lbs.  is  291.66  ounces,  and  of  a  ton  of  2240  lbs.,  326.65  ounces. 

The  use  of  the  scale  has  its  limits,  and  it  is  easy  to  see  from  t'.ie 
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above  table  that  with  the  increase  of  weight  there  is  a  greater  differ- 
ence for  each  transverse  line,  so  that  there  must  be  a  point  up  to 
which  the  determination  of  the  weight  on  the  scale  is  exact,  and  be- 
yond which  it  is  better  to  weigh  directly  on  a  delictitt.'  l)alance.  The 
limit  depends  chiefly  upon  the  amount  of  practice  iu  placing  the  but- 
ton properly  with  the  help  of  a  glass.  Experience  shows  that  with 
ores  containing  less  than  0.5  per  cent,  the  weight  of  a  single  button 
can  be  more  correctly  determmed  on  the  scale  than  by  the  balance, 
but  in  a  duplicate  assay  on  ores  of  0.3  per  cent,  and  upward,  the  bal- 
ance gives  more  accurate  results  ;  for  ores  of  over  'one  per  cent,  the 
weight  of  a  single  button  can  always  be  more  exactly  determined  by 
weighing  than  by  measuring,  and  when  duplicate  assays  are  made  the 
difference  is  still  greater.  The  accuracy  of  the  results  obtained  by 
measuring  gold  beads  has  about  the  same  limits  as  in  the  determina- 
tion of  silver  beads. 

The  results  obtained  during  practice  in  measuring  the  buttons  may 
be  controlled  by  determining  the  weight  of  several  buttons  by  meas- 
urement, and  then  actually  weighing  them  all  at  one  time,  after  thor- 
oughly cleaning  them  between  moist  paper  and  the  anvil. 

The  ivory  scale,  described  on  p.  28,  affords  a  very  simple  means  of 
measuring  buttons,  and  gives  very  accurate  results  in  the  hands  of  an 
experienced  operator.  By  immersing  the  silver  buttons  in  dilute 
sulphide  of  ammonium  they  become  blackened,  and  then  their  out- 
lines can  be  more  distinctly  seen  upon  the  ivory  scale.  Unless,  how- 
ever, the  operator  has  become  quite  expert  in  its  use,  by  controlling 
his  results  with  weighed  buttons,  as  before  recommended,  it  is  liable 
to  give  inaccurate  values,  and  a  certain  personal  error  is  also  apt  to 
occur  in  the  readings,  since  one  person  may  obtain  too  high  results 
and  another  too  low  ones  with  the  same  instruments. 

Influenced  by  a  desire  to  invent  an  instrument  which  should  yield 
more  certain  results  than  could  be  obtained  by  Plattner's  scale,  Chas. 
C.  Eueger  has  devised  the  apparatus  shown  in  Fig.  34,  A  and  B. 

This  apparatus  is  described  in  the  Berg-  und  Hilttenm.  Zeitung, 
1869,  No.  29,  as  follows :  Fig.  34,  A,  shows  a  horizontal  projection  of 
the  apparatus;  Fig.  34,  5,  a  section  through  CD.  Upon  the  upper 
surface  of  the  plate,  a,  is  fastened  a  female  screw,  J,  into  which  the  mi- 
crometer-screw, c,  provided  with  a  graduated  circle,  exactly  fits ;  e  is  a 
socket,  which  serves  to  hold  and  guide  the  cylinder  of  the  small  slide, 
s.  The  slide  and  micrometer-screw  touch  at  r.  The  other  wedge- 
shaped  end  of  the  slide  rests  on  the  plate  at  a,  and  has  a  perfectly 
plane  surface,  perpendicular  to  a.  Against  this  presses  the  like^vise 
plane  face  of  the  projection  attached  to  the  end  of  the  index  lever,/; 
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li  is  a  spring,  wliicli  presses  the  short  arm  of  the  lever  against  the 
elide.  Around  the  sides  of  the  plate,  a,  is  a  rim,  serving  to  prevent 
the  button  from  rolling  off.    Upon  this  rim,  at  i,  there  is  a  fine  line, 


Fig.  34— A. 


with  which  the  point  of  the  index  lever  coincides  when  the  faces  t)f 
the  slide  and  lever  are  exactly  parallel  to  each  other,  i.  e.,  touch  each 
other,  if  nothing  is  interposed  between  them. 

The  graduated  circle,  m,  upon  the  micrometer-screw  can  be  set  in 
any  position  and  secured  there  by  means  of  the  screw,  n.  The  periph- 
ery of  the  circle  is  divided  into  hundredths,  and  the  index,  o,  should 
point  at  0  on  the  circle  when  the  lever  coincides  exactly  with  the  line 
t.    The  latter  condition  is  secured  by  using  a  strong  magnifying- 
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glass.  When  tlie  apparatus  has  been  thus  arranged  the  micrometer- 
screw  is  drawn  back,  whereupon  the  spring,  t-,  presses  back  the  slide, 
and  the  spring,  h,  the  shorter  arm  of  the  lever.  The  point  of  the 
lever  at  the  same  time  moves  away  from  i,  until  finally  the  longer 
arm  rests  against  the  pin  w.  If  the  screw  is  still  further  withdrawn 
the  face  of  the  slide  recedes  more  and  more  from  that  of  the  lever,  so 
that  a  button  may  be  placed  between  the  two.  The  screw  is  then 
turned  in  tlie  opposite  direction,  until  the  point  of  the  lever  again 
coincides  exactly  with  /,  when  the  two  faces  are  once  more  parallel, 
but  separated  by  an  interval  corresponding  to  the  distance  between 
their  points  of  contact  with  the  button.  Tfiis  distance  is  read  off  in 
complete  revolutions  and  hundredths  of  revolutions  of  the  graduated 
circle ;  the  complete  revolutions  being  indicated  by  the  position  of 
the  face  of  the  slide  with  reference  to  the  lines  on  a,  and  the  hun- 
dredths given  upon  the  circle.  The  interval  between  two  adjacent 
lines  of  the  scale  on  a  corresponds  to  two  revolutions  of  the  screw. 

It  is  advisable  to  measure  the  button  in  several  different  posi- 
tions, so  as  to  obtain  an  average  value.  To  avoid  any  error  arising 
from  possible  inequalities  of  the  surface,  a  fine  line  is  drawn  upon  the 
surface,  a,  in  the  direction  of  the  axis  of  the  screw,  and  upon  this  the 
button  should  always  be  placed. 

The  accuracy  of  the  measurements  depends  immediately  upon  the 
proportion  between  the  longer  and  sliorter  arms  of  the  lever.  If  the 
line,  {,  aiid  the  point  of  the  index  lever  are  fine  and  sharp  enough,  and 
the  dimensions  of  the  instrument  made  to  correspond  with  those  in 
the  figure,  there  will  rarely  be  a  difference  of  one  division  on  the 
circle,  upon  repeating  the  measurement.  In  Rueger's  instrument  the 
micrometer-screw  makes  about  five  revolutions  to  the  millim.,  and 
therefore  advances  ^  millim.  by  one  revolution,  or  -^  millim.  for  each 
division  of  the  circle ;  the  results  obtained  by  the  inventor  seldom 
varied  more  than  y^jL-g-  millim.  Such  a  result  is  all  that  can  be  de- 
sired, when  it  is  considered  that  the  irregular  shape  of  even  an 
apparently  quite  round  button  may  lead  to  five  or  six  times  that 
difference.  The  apparatus  is  made  by  the  mechanician  Kulle,  in 
Clausthal. 

Another  apparatus  for  measuring  buttons  has  been  devised  by 
L.  Kleritj,  and  is  described  in  the  Berg-und  Hatlenm.  Zeit.,  1870, 
Nos.  1  and  2.    It  is  represented  in  Fig.  35,  A,  B,  C. 
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The  instrument  consists  of  a  brass  support,  or  plate,  a  l,  which 
rests  upon  two  feet  on  the  side  a,  and  upon  one  foot  on  the  side  5. 
Upon  this  phite  is  fixed  a  guide,  c,  having  a  trapezoidal  section,  and 
upon  tliis  guide  moves  the  wedge, /^,  which  is  provided  with  a  corre- 
sponding groove  and  slides  along  the  vernier,  d  e.  Against  this  wedge 
press  the  slides,  Ti,  i,  which  move  in  two  guides  screwed  to  the  support, 
and  are  placed  at  a  right  angle  with  the  edge,fg.  The  slides  end  in 
two  faces,  or  jaws,  between  which  the  body  to  be  measured  is  placed. 

The  slides,  Ji  and  i,  are  pressed  against  f  g  hj  the  spring  Jc.  but  be- 
tween k  and  i  is  interposed  a  shorter  arm,  I,  which  turns  about  a  ver- 
tical axis,  and  is  firmly  joined  to  the  longer  arm,  m,  below  the  instru- 
ment. The  latter  is  provided  at  n  with  an  index,  serving  to  set  the 
instrument. 

Upon  presfcing  the  wedge,  fg,  in  the  direction  of  the  arrow,  the  arm,  I, 
must  move  fiom  right  to  left,  since  h  andi  are  pressed  against  it  from 
left  to  right. 

To  reinforce  the  spring,  k,  a  slit  is  made  in  the  plate,  in  which  the 
pin,  0,  fixed  into  the  slide,  h,  can  move,  and  this  pin  is  governed  by  the 
spring,  p,  working  like  k. 

When  the  0  of  the  wedge  coincides  with  0  on  the  vernier  the  two 
lines  ujjon  the  plate  and  the  projection  w  should  also  coincide.  To 
measure  a  button  the  wedge  is  pushed  about  half  way  out,  and  the 
slide,  i,  moved  somewhat  toward  the  left  by  means  of  the  pin,  q;  the 
button  is  then  placed  between  the  jaws,  and  the  two  lines  on  the  index 
at  n  made  to  coincide  by  means  of  /  g.  In  this  instrument  the  dis- 
tance between  the  two  parallels  assumed  by  the  side  ^  at  0  and  30  is 
three  millim.,  and  the  reading  for  the  position  in  Fig.  35,  B,  would  be 
0.86  millim. 

It  is  very  easy  for  the  mechanician  to  determine  the  interval  be- 
tween 0  and  10  on  /  g,  as  he  need  only  place  a  wire  or  any  object, 
known  to  be  exactly  one  millim.  thick,  between  the  jaws,  bring  the 
two  lines  together  at  n,  and  prolong  the  zero  line  of  the  vernier. 

To  use  the  instrument  for  determining  the  weight  of  silver  buttons 
Kleritj  has  prepared  tables,  Avhich  are  here  copied  in  part,  and  in 
which  the  weight  of  the  button,  or  the  percentage  of  silver  obtained 
from  one  blowpipe  assay-centner  is  given  for  any  button,  from  0.01 
to  one  millim.  in  diameter.  The  formulas  by  which  this  table  was 
calculated  are  given  in  the  number  of  the  Berg-und  Huttenm.  Zeit., 
above  referred  to,  and  we  will  here  only  remark  that  theoretically  the 
weight  of  a  body  is  expressed  by  the  equation  G  =  V  y,\Ti  whidh  G 
denotes  the  absolute  weight  of  the  body,  V  its  volume,  and  y  its 
specific  gravity.     For  a  sphere  F— f  d\  and  as  the  specific  gravity  of 
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eilver  is  10.474  we  would  have  G  =  5.482  cV,  or  if  the  diameter  of  the 
sphere  was  one  millim.,  its  weight  should  be  5.482  milligr.  Accord- 
ing to  Kleritj  this  equation  would  very  rarely  give  the  true  weight  of 

a  silver  button,  and  he  has  determined  by  experiments  that  for  ^  y 
we  must  substitute  jx  =  G.123.  The  true  weight  of  the  button  will 
then  be  found  from  the  equation  G  —  6.123  £?^  =  (ji,  <?'. 

The  same  table  may  be  used  for  Rueger's  instrument,  after  determin- 
ing by  measurement  the  diameter  of  -the  silver  button  in  millimetres. 
Kleritj's  apparatus  is  made  by  the  mechanician  Lingke,  in  Freiberg. 
— [Transl.] 

Table  showing  tlie  percentage  of  silver  from  one  assay -centner  of 

ore,  etc. 


Dia.  in 

Millim. 


Weight  or 
Percfniage 


Dia.  in 
Millim. 


Weii;ht  or 

Percentage 

=  M  dK 


Dia.  in 
Millim. 


Weiglit  or 
Percentage 

-  M  d3. 


Dia.  in 

Millim, 


Weiglit  or 

Percentage 

=  Md^. 


O'OI 
0-02 

0'o3 

O'o4 
o-o5 
o-o6 
0-07 
o-o8 
0-09 


10 
II 
12 
i3 
i4 
i5 
16 

IT 
18 

19 

20 


0-2I 
0-22 
0-23 
0-24 
0-25 


o- 000006 
o- 000049 
0'Oooi65 
0-000392 
0-000765 
o-ooi323 
0-002100 
o -003 1 35 
o -  004464 
o- 006 1  23 
o-oo8i5o 
o-oio58i 
o-oi345i 
0-016802 
o- 020665 
o-025o8o 
o-o3oo82 
0-035709 
o • o4  r  998 
0-048984 
0-056705 
0.065198 
0.074498 
0.084644 
0-095672 


0-26 
0-27 
0-28 
0-29 
o-3o 
o-3i 

0-32 

0.33 
0.34 
0.35 
0.36 

37 
38 
39 
40 

41 
0-42 
0-43 
0-44 
0-45 
0-46 

0-47 
0-48 
0-49 
o-5o 


o- 107618 

o- i2o5i9 

o-i344i2 

0-149334 

o.i6532i 

0-182410 

o -200638 

o- 220042 

o -240658 

0-262524 

0-285675 

o-3ior48 

0-335981 

0-3632IO 

0-391872 

o- 422003 

0-45364I 

0-486821 

o.52i58i 

0-557958 

0-595988 

0-635708 

0-677155 

o-72o365 

0-765375 


0 

.5i 

0 

.52 

0 

.53 

0 

•54 

0 

.55 

0 

-56 

0 

•57 

0 

-58 

0 

-59 

0 

.60 

0 

-61 

0 

-62 

0 

.63 

0 

•64 

0 

-65 

0 

-66 

0 

67 

0 

68 

0 

69 

0 

70 

0 

71 

0 

72 

0 

73 

0 

74 

0 

75 

0-8l2222 
0-860943 
O.9II574 
0-964152 
I -018714 
I -075297 
I -133937 
J  -I  9467 1 
I -257536 

1-322568 
1.389805 
I -459282 
i-53io38 
I -6o5io8 
I -681529 
I -760333 
I -841572 
•935267 
•oii46o 
•100189 
•191489 
.285398 
.381951 
.481186 
583i4i 


0-76 

0-77 

0-78 

0.79 

0-80 

o-8i 

0-82 

0-83 

0.84 

0-85 

0-86 

0-87 

0-88 

0-89 

0-90 

0.91 

0-92 

0-93 

0-94 

0-95 

0-96 

0-97 

0-98 

0-99 

I  -00 


2-687850 
2-795352 
2-905682 
3-018878 
3- 134976 
3-254oi3 
3-376026 
3-5oio52 
3.629126 
3-760287 
3.894571 
4-o320i4 
4-172653 
4-3i6525 
4-463667 
4-6i4ii5 

4-7^7907^ 
4-925078 
5-085666 
.  5-249707 
5-4i'7239 
5-588297 
5-762919 
5-941 i4i 
6- i23ooo 


4.  A  good  Magnifying-  Glass. — This   indispensable  instrument   is 
chiefly  used  to  iudge  more  certainly 
the  results  of  experiments  on  reactions, 
and  to  measure  the  silver  and  gold 
buttons  obtained  by  quantitative  as-  Fig.  36. 

says.    A  glass  well  suited  for  this  purpose  is  composed  of  two  lenses 
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of  equal  magnifying  power,' but  so  mounted  that  each  glass  can  be 
used  alone,  or  one  brought  over  the  other,  so  as  to  use  them  together. 
Fig.  30  represents  such  a  double  glass. 

5.  Forceps  and  Fliers. — Various  forceps  are  required  for  blowpipe 
assays,  viz., 

a.  Forceps  with  platimim  tips,  for  holding  an  assay  directly  in  the 

blowpipe  flame,  when  testing  its 
fusibility  and  other  reactions.  The 
forceps,  which  should  be  about  one 

^^'  ^^'  hundred  and  thirty  millim.  long,  are 

shown  in  Fig.  37. 

b.  Cutting  Fliers,  or  Nippers,  Fig.  38,  such  as  Berzelius  employed 

for  breaking  ofi" small  assay  pieces 
from  the  minerals  to  be  exam- 
ined, without  injuring  the  speci- 
mens. They  resemble  nail  nip- 
pers, except  that  the  cutting  edge 
is  broad  and  stout,  rather  than 

Fig.  38.  sharp. 

c.  Steel  Fliers,  Fig.  39,  necessary  in  separating  the  slag  from  the 

raw  lead  obtained  in  gold  and  silver 
assays,  and  for  other  operations.  The 
jaws  of  these  forceps  must  be  some- 
what broad,  and  the  inner  surfaces 
should  not  be  cut  like  a  file,  but 
should  only  be  rough. 

d.  Brass  Forceps,  Fig.  40,  used  for 
holding  small  objects,  especially  in 
qualitative  assays. 

e.  A  similar  pair  of  forceps,  also 
of  brass,  but  somewhat  smaller,  and 

having  more  pointed  ends;  they  serve  for 
handling  the  weights,  and  also  the  gold 
and  silver  buttons,  when  measuring  them 
upon  the  scale. 

/.  Iron  Forceps,  Fig. 
41,  about  one  hundred 
and  ten  millim.  long, 
which  are  used  in  clean- 
ing the  lamp-wick  and 
raising  or  lowering  it 
Fio-.  42.  in  the  socket. 


Fig.  39. 


Fig.  40. 


Fig.  41. 
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6.  A  Hammer,  of  good  hard  steel,  rectangular  in  section,  with  a 
polislied  flat  face  at  one  end  and  a  broad  edge  at  the  other,  as  in 
Fig.  42. 

7.  An  Anvil,  of  hard  polished  steel.  Fig.  43,  is  used  for  coarsely 
breaking  minerals  and  products  which  are  to  be  pulverized,  and  also 
to  flatten  reduced  metallic  buttons,  to  remove  the  slag  from  the  lead 
in  gold  and  silver  assays,  etc.  The  best 
form  is  a  parallelopipedon,  about  fifty-five 

millim.  long,  thirty-two  millim.  wide,  and   lli^^*^^''^^°'==?^^'Ss^nTfflTTTlll!^  % 
thirteen   millim.  thick.     When   breaking 
up  hard  and  brittle  substances  or  flattening 
small   metal   buttons,  these   may  be  pre-  •^'"-  ^■^■ 

vented  from  flying  off  by  using  an  iron  ring,  of  about  twenty  millim. 
interior  diameter,  and  ten  millim.  high,  which  is  j^ressed  against  the 
anvil  with  the  fingers,  while  the  substance  surrounded  by  the  ring  is 
struck  with  the  hammer. 

8.  A  Steel  Mortar. — Abich's  mortar.  Fig.  44,  is  best  adapted  for 
breaking  up  and  pulverizing  refractory  metallic  minerals,  producis, 
and  various  substances  which  have  been  melted 
on  coal  before  the  blowpipe.  In  the  circular 
plate  of  hard  steel,  ^  i?,  is  a  cylindrical  cavity, 
C,  six  millim.  deep,  into  which  the  hollow  iron 
cylinder,  D  E,  twenty-one  millim.  high,  with  an 
exterior  diameter  of  twenty-four  millim.,  exactly 
fits,  and  into  this  again  fits  a  stout  solid  cylinder 
of  hard  steel,  F,  forty-five  millim.  high  and  eight- 
een millim.  in  diameter,  which  is  rounded  at  its  upper  end.  Both 
cylinders  are  turned  so  as  to  fit  each  other  exactly.  The  substance 
to  be  pulverized  is  placed  within  the  cylinder,  D  E,  the  pestle,  F,  set 
in  upon  it  and  struck  a  few  times  with  the  hammer,  while  both 
cylinders  are  pressed  against  the  steel  plate  with  the  fingers. 
Upon  removing  the  two  cylinders,  one  after  another,  the  substance 
will  be  found  reduced  to  a  rather  fine  powder  which  may  be  rubbed 
still  finer  in  the  agate  mortar. 

9.  An  Agate  Mortar,  Fig.  45. — By  pulverizing  very  hard  bodies  in 
such  a  mortar  it  receives,  in  time,  fine  scratches, 
into  which  some  metal  is  liable  to  be  rubbed, 
when  powdering  and  wasbing  metalliferous 
slags,  and  it  must  then  be  cleaned  each  time 
jvith  moistened  bone-ash. 

10.  A  feiu  Files,  triangular,  flat,  half-round,  and  round,  varying 
in  size  and  fineness,  are  used  for  different  pui-poses.    A  rasp  is  also 


Fig.  44.' 
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of  excellent   service    in  shaping   coals   and   cleaning   them   aftei 

use. 

11.  A  Knife  and  a  small  pair  of  Scissors,  with  strong  cutting  edges 

12.  A  Steel  Magnet,  in  the  shape  of  a  square  bar  about  eighty-five 
millim.  long  and  four  millini.  square,  wedge-shaped  at  one  end. 

13.  Coal  borers. — In  quantitative  assays  holes  must  be  bored  in  the 
coal,  for  which  various  borers  are  required.  Three  different  ones  are 
used,  viz., 

a.  A  borer.  Fig.  46,  to  bore  holes  in  the  coal  for  the  fusion  of  silver, 
gold,  copper,  and  other  assays.    It  is  square,  and  the  sides  are  filed  so 

that  it  looks  like  a  double  chisel,  the 
1     edges  crossing  each  other  at  a  right 
angle  and  being  very  sligl^tly  convex. 
Fig-  46.  The  breadth  of  each  chisel  is  eight 

millim.  and  the  borer  is  provided  with  a  wooden  handle.  The  borer 
is  placed  at  a  right  angle  against  a  cross-section  of  the  coal  and 
turned  rapidly  on  its  axis,  with  a  moderate  pressure,  alternately 
toward  the  right  and  left,  until  the  required  depth  is  reached.  After 
removing  the  borer  the  dust  is  blown  out  of  the  hole,  the  width  of 
which  depends  on  the  size  of  the  borer,  while  its  depth  is  regulated 
by  the  height  of  the  paper  cylinder  in  which  the  assay  to  be  fused  is 
packed.  Thus,  in  case  of  an  assay  charged  for  copper,  the  hole  is 
shallower  than  with  the  charge  for  an  assay  of  silver  ore  rich  in 
copper,  because  the  latter  contains  much  test  lead. 

b.  A  conical  borer,  for  boring  larger  holes,  the  longitudinal 
section  of  which  is  a  semi-ellipse.    Its  upper  diameter  is  twenty-two 

millim.   and    its   length 

eighteen    millim.      The 

further  arrangement  of  ■ 

it  is  shown  in  Fig.  47. 

^i^-  ^'^  The  instrument  is  used 

just  as  the  preceding  borer,  but  as  soon  as  the  side,  a,  reaches  the 

level  of  the  perforated  side  of  the  coal  the  boring  is  stopped  and  the 

coal  dust  cleared  fi'om  the  hole. 

c.  A  long  coal  borer,  Fig.  48.  One  end  consists  of  a  double  chisel 
six  millim.  broad,  made  like  the  first  borer  for  cylindrical  holes.     It 

is  used  in   boring  through  the 
front  side  of  the  coals  fastened  in 
the  coal-holder  to  be  described 
^'^-  ^-  below,  and  for  boring  through  the 

coal  covers  which  are  required  when  fusing  quantitative  lead,  bis- 
muth, tin,  nickel,  and  cobalt  assays  in  clay  crucililes.     The  othei 
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end,  "wliicli  is  nine  millim.  w  .de,  is  shaped  like  a  spatula,  with  a  sharp 
edge,  and  is  used  for  boring  holes  in  coal  for  qualitative  analysis,  when 
they  are  to  be  rather  deep.  ' 

14.  Cupel  Moulds,  with  the  stamps  and  stand. — For  cupelling  the 
argentiferous  and  auriferous  lead  obtained  from  silver  and  gold 
assays  small  cupels  of  bone-ash  are  required,  which  are  conveniently 
made  by  striking  them  in  a  metallic  mould  and  using  them  for 
cupellation,  without  removing  them  from  the  mould.  Two  such 
moulds  may  be  had,  one  for  larger,  and  one  for  smaller  moulds. 
Fig.  49,  A  B,  but  this  is  not  indispensable,  as 
the  larger  one  is  sufficient  under  all  circum- 
stances. [It  is,  indeed,  better  to  have  two  of 
the  larger  size  only,  as  then,  when  the  refining 
cupellation  has  been  performed  on  the  cupel,  it 
can  still  be  used  for  the  scorification  of  the  raw 
lead,  thus  effecting  a  saving  of  time  and  material. 
TransL]  0  and  D  are  the  stamps.  The  moulds 
are  of  iron  and  are  seventeen  millim.  in  diameter, 
the  cavity  being  worked  rough,  so  that  the  cupel 
struck  in  it  may  not  fall  out,  as  would  be  very  likely  to  happen  if 
the  cavity  were  smooth.  The  stamps  are  of  hardened  steel,  and  like 
the  hollows  in  the  moulds  their  shaping  faces  are  segments  of 
spheres,  but  of  a  somewhat  larger  diameter,  and  polished.  That  the 
mould  may  be  more  securely  held  when  hot,  a  cross  is  filed  on  the 
under  side,  so  that  one  point  of  the  forceps  may  be  put  into  one  of 
the  four  openings,  while  the  other  point  is  pushed  over  the  upper 
part  of  the  mould,  which  can  thus  be  transferred  to  any  desired  place. 

The  cupels  are  made  by  pressing  the  mould  full  of  bone-ash,  set- 
ting the  proper  stamp  vertically  upon  it,  and  compress- 
ing the  bone-ash  with  a  few  strokes  of  the  hammer, 
until  the  convex  face  of  the  stamp  touches  the  inner 
edge  of  the  mould  on  all  sides,  whereupon  the  cupel  is 
finished.  A  stand,  about  ninety  millim.  high,  Fig.  50, 
supports  the  cupel  during  the  cupellation.  It  is  bored 
out  down  to  c,  and  a  stout  iron  wire  is  inserted  in  it,  so 
as  to  stand  quite  free  from  the  wood  down  to  that 
point.  The  cupel  mould  is  then  placed  on  the  cross 
above,  so  that  the  cross  cuts  in  the  mould  do  not  coin- 
cide with  the  cross  pieces,  but  come  between  the  arms, 
in  order  that  the  hot  mould  may  be  removed  with  the 
forceps  when  the  cupellation  is  done. 

[It  is  frequently  desirable  in  qualitative  examinations, 
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Fig.  51. 


to  cupel  substances  with  lead,  and  then,  if  the  operator  does  not 
posses?^  the  quantitative  apparatus,  a  cupel  may  be  readil}^  made  by 
boring  a  hole  about  a  quarter  of  an  inch  in  width  and  depth,  in  a 
piece  of  charcoal,  and  filling  it  with  a  stiff  paste  of  bone-ash.  This 
is  pressed  down  and  made  slightly  concave,  with  the  pestle  of  the 
agate  mortar,  and  then  thoroughly  and  slowly  dried,  B.  B.,  or  over 
the  spirit-lamp. — Transl.] 

15.  A  Mixing  Capsule  of  sheet-brass  or  horn,  polished  on  the  inside 

and  shaped  like  Fig.  51.  It  is  fifty-eight  millim. 
long,  twenty-two  millim.  wide  in  the  widest  part, 
and  five  millim.  deep,  and  at  the  lip,  where  it 
begins  to  round  oflF,  seven  millim.  wide  and  three 
millim.  deep.  It  is  used,  especially  in  quantitative  assays,  to  pour 
the  mixed  charge  conveniently  into  the  soda-paper  cylinder. 

16.  A  Spatula  of  polished  iron,  of  the  shape  shown  in  Fig.  52,  and 
^ ■ ^^-|__^____    j^  ninety-five     millim,     long.      It    is 

■■  used  for  mixing  charges,  but  more 
Fig-  52-  particularly  in  roasting  ores  to  be 

quantitatively  assayed  for  metals,  and  for  various  other  purposes. 

17.  Coal-lwlder  with  platinum  wire  and  shield. — In  making  quan- 
titative assays  which  must  be  roasted,  or  fused  in  clay  crucibles,  and 
require  a  strong  heat,  the  coal  used  must  be  protected,  at  the  end 

employed  by  an  envelope  of  sheet- 
iron,  the  coal-holder.  Fig.  53  shows 
two  sides  of  this  holder,  as  pro- 
posed by  Plattner.  Each  of  the 
four  sides  is  thirty-two  millim.  wide 
and  thirty-six  millim.  high.  On 
the  front  side,  B,  is  a  slit,  l,  ending 
in  a  round  opening,  «,  seven  millim. 
in  diameter,  and  on  the  rear  side  is 
an  iron  screw,  c,  on  the  inner  end 
of  which  is  a  plate,  d,  that  turns 
on  its  axis,  while  to  the  outer  end 
the  wooden  handle,  e,  is  attached.  The  screw,  c,  is  below  the  middle 
of  the  coal-holder,  so  that  when  the  coal  is  burned  out  the  pressure 
may  not  cease,  nor  the  coal  fall  from  the  holder.  The  nut,/,  outside 
of  the  coal-holder,  in  which  the  iron  screw  works,  is  arranged  to  slide 
in  and  out.  There  is  a  small  piece  of  sheet-iron,  li,  fastened  on  the 
front  of  the  coal-holder  by  a  small  rivet,  so  that  it  can  be  turned 
to  close  the  slit,  T),  or  leave  it  open,  as  the  dotted  lines  show.  In  one 
side,  A^  of  the  holder  there  is  also  a  small  slit,  i,  eight  millim.  long 
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Fig.  53. 
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and  0.8  millim/wide,  for  the  insertion  of  fhe  platinum  wire,  to  be 
described  directly,  and  below  the  slit  is  a  small  brass  socket,  ^,  in 
which  the  end  of  this  wire  is  inserted.  When  an  ore  is  to  be  roasted 
in  a  clay  capsule,  or  an  assay  fused  in  a  clay  crucible,  the  capsule  or 
crucible  must  be  so  placed  as  to  stand  free  in  the  cavity  and  not 
touch  the  coal.  This  is  accomplished 
by  means  of  a  platinum  wire  eighty- 
three  millim.  long,  and  0.6  to  0.7 
millim.  thick,  which  is  bent  with  the 
pliers  into  the  shape  shown  in  the 
natural  size  in  Fig.  54.  The  ring,  A, 
is  first  formed,  then,  at  I,  the  straight 
part  is  bent  back  somewhat,  and  up- 
ward at  an  obtuse  angle,  corresponding 
to  the  inclination  of  the  sides  of  the 
cayity  in  the  coal,  and  lastly,  the  re- 
maining part  is  bent  downward  at  a 
right  angle,  as  is  seqn  at  H.  The 
length  of  the  upper  horizontal  portion 
must,  before  bending  the  wire,  be 
measured  off,  equal  to  the  distance 
from  the  opening  in  the  socket,  k,  to  the  side  of  the  cavity  in  the 
coal  (vide  Fig.  19,  F),  as  may  be  seen  at  n,  Fig.  55, 
which  represents  the  coal-holder  with  the  coal  and  the 
inserted  wire.  The  coal  prism  is  introduced  into  the 
coal-holder  from  below,  so  that  the  upper  side,  on 
which  the  part  b  of  the  wire  rests,  may  reach  exactly 
to  the  slit,  i.  On  the  wire,  opposite  the  opening,  a,  is 
hung  a  small  shield  of  thin  platinum  foil.  Fig.  54,  C 
(natural  size),  which  is  i\sed  ofily  in  roasting  and  serves 
to  prevent  the  coal  from  burning  out  too  soon  at  the 
part  most  exposed  to  the  pointed  flame. 

18.  A  small  ivory  spoon,  eight  millim.  wide  on  the  exterior  and 
shaped  like  Fig.  56,  quite  smooth  and  pol- 
ished ;   also  a  small  brush  for  cleaning  the 
scale-pans,  mixing  capsules,  and  roasting 
capsules  from  any  adherent  fine  dust. 

19.  A  test  lead  sieve. — The  test  lead 
for  blowpipe  assays  must  be  as  fine  as 
possible,  so  as  to  mix  better,  and  the 
granulated  lead  must  therefore  be  sifted 
through  a  small  sieve,  the  bottom  of 
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which  is  pierced  with  holes  through  which  a  moderately  coarse 
needle  will  pass.  This  sieve  is  made  just  wide  enough  to  hold  the 
box  of  the  clay  capsule  mould  before  described,  and  does  not, 
therefore,  require  a  special  place  when  transported. 

20.  A  test  lead  measure. — It  is  troublesome  to  weigh  out  the  test 
lead  required  for  a  quantitative  gold  or  silver  assay,  and  since  it 
makes  no  great  difference  if  a  trifle  too  much'  or  too  little  is  used, 
Harkort  employed  a  measure  similar  to  that  used  for  gunpowder.  It 
consists  of  a  glass  tube.  Fig.  58,  thirty-five  millim.  long  and 
seven  to  eight  millim.  wide,  ground  smooth  at  both  ends,  into 
which  a  wooden  cylinder  exactly  fits.  On  the  cylinder  are 
several  divisions  which  have  been  before  determined  by  weigh- 
ing out  five,  ten,  fifteen,  and  twenty  blowpipe  centners  of  fine 
test  lead  and  pouring  it  into  the  tube.  To  charge  an  assay 
with  ten  ctrs.  of  lead  tlie  wooden  cylinder  is  drawn  out  until 
the  line  marked  10  is  just  even  with  the  bottom  of  the  tube, 
when  the  empty  space  above  will  hold  just  ten  ctrs.  of  test 
lead,  supposing  that  the  lead  used  is  of  the  same  degree  of 
fineness  as  that  used  in  determining  the  divisions. 
•  21.  A  small  solid  c^jlmder  of  ivood,  which  is  used  for  pre- 
the  soda-paper  cylinders,  p.  25.  It  is  twenty-five  millim.  long 
and  seven  millim.  thick,  as  shown  in  Fig.  59,  B.  To 
prepare  the  paper  cylinders  the  wooden  cylinder  is 
laid  on  the  paper.  Fig.  59,  A,  and  the  latter  rolled 
around  it.  The  projecting  end  of  the  paper  is  then 
pressed  down  on  the  wood  in  several  places  with  the 
little  ivory  spoon,  and  finally  the  closed  end  is  pressed 
against  the  table  so  as  to  shut  it  tighter. 

22.  Several  cylindrical  doa-es  of  hard  wood,  Fig.  60, 
for  dry  reagents,  and  several  glass  bottles  with  well- 
ground  stoppers.  Fig.  61.    The  bottles  and  boxes  are 
set  in  a  wooden  stand  or  box,  in  rows  behind  one 
another.     Somewhat  larger  bottles    are 
kept  in  a  separate   stand   for  liquid  re- 
agents which  are  more  frequently  used,  as 
nitric  acid,  hydrochloric  acid,  etc. 

23.  For  more  extended  blowpipe  exami- 
nations which  often  necessitate  the  employ- 
ment of  the  wet  process,  various  pieces  of 
apparatus  and  utensils  are  required,  which 
will  be  here  mentioned  together.  Glazed 
porcelain  vessels,  Figs.  62,  63,  64.    Those 
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Fig.  62. 
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like  Fig.  62  are  most  suitably  made  of  two  sizes :  the  larger  ones 
about  thirty  millim.  high  and  forty-fivfe  millim.  wide  in  the  middla 
and  the  smaller  ones  twenty-five  millim.  high  and 
thirty  millim.  wide.  A  few  watch-glasses  of  corre- 
sponding diameter  serve  to  cover  these  vessels. 
DiflFerent  sizes  of  Pig.  63  are  likewise  to  be  recom- 
mended, and  paint  or  indian-ink  saucers  can  be 
used  for  the  purj^ose.  The  smallest  size,  Fig.  64, 
twenty-five  millim.  wide  and  ten  millim.  deep,  is 
used  to  heat,  over  the  spirit-lamp,  substances 
which  attack  platinum.  For  dissolving  com- 
pounds in  acids,  test  tubes.  Fig.  65,  are  used, 
which  are  kept  in  a  folding  frame  of  wood  or  tin. 
Several  small  beakers  may  be  advantageously  used 
for  similar  purposes,  as  well  as  for  filtrations.  A 
few  small  glass  funnels,  which  can  be  placed  on 
the  test  tubes,  are  indispensable;  for  larger  fun-" 
nels  a  small  filter  stand.  Fig.  66,  is  useful.  [It  may  be  very  con- 
veniently replaced  by  a  ring  attached  to  an  arm,  which  fits  in  the 
arm  of  the  evaporating  ring,  D, 
Fig.  7,  or  it  may  be  separately 
fitted  to  the  lamp  stand. — Transl.] 
The  filter-paper  used  must  leave 
but  a  small  amount  of  white  ash, 

since    the    ignition   of    a 

part  of  the  filter  is  some- 
times    unavoidable    when 

trifling  precipitates  are  to 

be  further  examined. 
A    small    glass    pipette, 

Fig.  67,  about  one  hundred 

and  fifty  millim.  long  and 

blown   out  in   the   middle 

into     a    bulb,    twenty-five 

millim.  wide,  is  also  useful.     When  this  is  lacking,  a  tube,  ten 
millim.  wide,  drawn  out  to  a  point  at  one  Snd,  can  be  used. 

Finally,  a  small  tvash  bottle,  Fig.  68,  or  a  dropinng  glass,  Fig.  69, 
is  necessary.  By  blowing  air  into  the  tube,  a,  Fig.  68,  which  opena 
close  under  the  cork,  a  steady  stream  of  water  is  forced  out  through 
h.  A  glass  flask  of  about  forty-five  millim.  diameter  is  quite  large 
enough.  On  inclining  the  spout  of  the  half-filled  dropping  glass, 
Fig.  69,  so  far  that  the  water  runs  into  it,  a  few  drops  will  force 


Fig.  65. 


Fig.  66. 


Fis;.  67. 


44 


plattintek's  blowpipe  analysis. 


tliMi*  way  out  separately,  which  is  of  advantage  when  anything  is  to 
be  moistened  with  a  drop  of  water.  It  is  only  necessary  to  direct 
the  spont  downward  and  blow  through  the  glass  tube  to  force  the 

water  out  in  a  very  fine  stream. 
24.  A  charcoal  sato,  about 
one  hundred  and  fifty  millim. 
long,  eighteen  millim.  wide, 
and  one  millim.  thick,  with  a 
wooden  handle.  A  bow  saw 
may  be  used  with  more  advan- 
tage in  sawing  large  pieces  of 
coal,  but  in  travelling,  when 
such  large  tools  cannot  be  car- 
ried, and  a  stock  of  suitably 
cut  or  artificial  coals  is  gener- 
ally on  hand,  the  first  saw  will 


Fig.  69. 


Fig.  68. 

answer  the  purpose. 

25.   Various  tin  vessels,  in  case  the  apparatus  is  carried  during  a 
trip,  when  it  is  necessary  to  take  a  stock  of  oil,  alcohol,  coals,  and  clay 
vessels.     Tin  flasks,  covered  with  dark  lacquer,  serve  for  oil  and  alco- 
hol, the  openings  being  closed  like  those  of  the  blowpipe  lamp.    Four- 
sided  cases  hold  the  various  coals,  which  must  be  tightly  laid  in,  as 
the  artificial  coals  are  easily  injured  by  friction  or  shocks.    A  similar 
case  is  needed  for  the  safe  keeping  of  the  glass  tubes,  mat- 
rasses, test  tubes,  and  funnels.     Plattner  has  recommended 
a  particular  case  for  keeping  the  clay  capsules  and  crucibles. 
It  consists  of  a  hollow  brass  cylinder,  into  which  a  frame 
of  the  same  material  can  be  inserted,  capable  of  holding 
twenty-five  clay  crucibles,  and  ten  capsules.     Fig.  70  shows 
the  arrangement  of  such  a  case.     When  the  frame  is  full 
of  crucibles  or  capsules,  the  extra  space  is  packed  with  soft 
paper  or  wool,  and  the  cylinder  put  over  it.     In  order  that 
the  cylinder  may  not  slide  back,  small  eyes  are  attached  at 
a  and  I,  which  can  be  fastened  together  by  a  fine  thread. 
The  ring  into  which  the  four  upright  wires  are  set  has  a 
slit  at  c,  which  is  so  wide  that  the  points  of  the  forceps  can 
'^'^^■''^-     pass  through  conveniently  when  a  crucible  or  capsule  is 
lifted  out  of  the  frame. 

Finally,  it  is  necessary  so  to  pack  the  objects  enumerated,  that  when 
they  are  to  be  taken  on  a  journey  the  separate  ones  may  be  easily 
found,  while  the  whole  apparatus  has  a  compact  appearance.  A 
wooden  box  that  can  be  locked  is  suitable  for  this.    In  the  lower 
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part  a  special  arrangement  must  be  made,  so  that  all  the  larger 
objects,  which  cannot  first  be  put  in  a  particular  case,  may  be 
securely  packed  away.  Above  these  objects  come  the  others,  which  are 
partly  in  small  separate  cases,  and  partly  laid  side  by  side  in  wooden 
trays,  lined  with  soft  leather,  and  having  cavities  corresponding  with 
the  separate  objects.  The  cover  of  the  box  should  also  be  lined  with 
an  elastic  cushion  covered  with  soft  leather.  The  wooden  boxes  and 
the  glass  bottles,  Figs.  60,  61,  and  two  glass  bottles  of  cobalt  and 
platinum  solution,  all  of  which  stand  by  themselves  in  a  rack  or  small 
box,  can  also  be  packed  in  the  same  box.  If  other  liquid  reagents 
are  to  be  carried,  it  is  best  to  keep  them  in  a  small  separate  box,  as 
some  of  them  give  off  vapors  Avhich  are  injurious  to  metallic  objects. 


VI.  Reagents  used  in  Qualitative  and  Quantita- 
tive Blowpipe  Analyses. 

In  blowpipe  analyses,  as  in  all  chemical  examinations,  it  is  essen- 
tial that  the  necessary  reagents  should  be  used  in  the  purest  possible 
condition,  and  they  will,  therefore,  be  not  only  enumerated  here,  but 
in  cases  of  particular  importance,  the  necessary  remarks  on  their 
purification,  the  signs  of  their  purity,  and  the  object  of  their  employ- 
ment will  be  made. 

A.  Eeagents  for  blowpipe  analyses  made  without  the  aid  of  the 
wet  process. 
a.  General  reagents. 

1.  Carbonate  of  Koda.'^ — Both  the  carbonate  and  bicarbonate  may 
be  used  if  chemically  pure,  and  free  from  sulphuric  acid  in  particular. 
Preparation. — Commercial  bicarbonate  of  soda  is  pulverized,  put  into 
a  glass  funnel  loosely  stopped  with  cotton  and  the  surface,  after  being 
made  even,  is  covered  with  a  circle  of  double  filter-paper,  so  that  the 
edges,  which  are  bent  upward,  lie  tight  against  the  funnel.  It  is 
then  washed  by  pouring  on  a  small  quantity  of  distilled  water  at  a 
time,  until  the  filtrate,  acidulated  with  nitric  acid,  is  not  clouded 
either  with  nitrate  of  silver  or  chloride  of  barium.  It  is  then  very 
thoroughly  dried,  pulverized,  and  kept  in  a  wooden  box;  or  it  may 
be  converted  into  the  simple  ^parbonate  by  igniting  it  gently  in  a 
shallow  porcelain  dish,  or  a  porcelain  crucible,  over  a  spirit-lamp  with 
a  double  draught.  It  must  then,  however,  be  kept  in  a  glass-stop- 
pered bottle. 

*  Hereafter  the  simple  word  soda  will  be  used  in  place  of  carbonate  of  soda  in  thit 
book. 
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Tests  and  rise. — A  small  quantity  of  the  purified  salt  is  treated  with  the  E.  F.  on  char- 
coal, until  it  has  sunk  into  the  coal.  When  cold,  the  spot  is  cut  out,  and  the  mass  laid 
on  bright  silver  foil  and  moistened  with  enough  water  to  wet  the  foil  also.  If  free  from 
sulphuric  acid,  the  surface  of  the  silver  remains  unaltered,  but  if  a  trace  is  present  in  the 
salt  it  is  reduced  with  the  soda  to  sulphide  of  sodium,  by  the  treatment  on  coal,  and 
causes  the  silver  to  become  yellow,  brown,  or  black  from  the  sulphide  of  silver  formed, 
either  very  soon,  or  after  a  few  minutes. 

Soda  serves  as  a  test  for  sulphuric,  acid,  and  also,  in  qualitative  and  quantitative 
analyses,  to  decompose  compounds  of  silicic,  tungstic,  and  titanic  acids,  and  to  promote 
the  reduction  of  various  metallic  oxides. 

2.  Neutral  oxalate  of  potassa. — Binoxalate  of  potassa  is  dissolved 
in  water,  neutralized  with  potassa,  filtered,  and  evaporated  to  dryness, 
being  stirred  with  a  glass  rod  toward  the  end  of  the  operation,  while 
a  sufficiently  high  temperature  is  employed,  but  not  enough  to  de- 
compose the  salt.  The  dry  mass  is  pulverized  and  kept  for  use  in  a 
well-closed  bottle. 

Tests  and  use.  — The  solution  of  the  neutral  salt  must  remain  unclouded  on  adding 
sulphide  of  ammonium.  When  completely  dry,  this  salt,  at  a  low  red  heat,  evolves 
carbonic  oxide,  without  carbonic  acid,  and  is,  therefore,  admirably  suited  to  the  exam- 
ination for  arsenic,  and  is  better  than  soda  for  reduction  assaj's  on  coal. 

3.  Cyanide  of  pofassiu7n. — Liebig's  method  is  to  rub  eight  parts  by 
weight  of  anhydrous  ferrocyanide  of  potassium,  free  from  sulphate  of 
potassa,  with  tliree  parts  of  dry  carbonate  of  potassa,  and  fuse  the 
mixture  at  a  moderate  red  heat  in  a  covered  porcelain  crucible  until 
the  mass  is  clear  and  a  sample  taken  out  appears  quite  white.  The 
clear  mass  is  carefully  decanted  from  the  fine  separated  iron  at  the 
bottom  upon  a  bright  piece  of  sheet-iron,  and  the  solidified  salt  is 
kept  in  the  form  of  coarse  powder  in  a  glass-stoppered  bottle. 

Use. — The  salt  prepared  as  above  contains  some  cyanate  of  potash,  but  this  does  no 
harm.  It  is  chiefly  used  as  a  reducing  agent,  being  in  this  respect  always  preferable  to 
soda,  and  in  many  cases  to  oxalate  of  potash. 

4.  Borax  (biborate  of  soda). — Commercial  refined  borax  is  per- 
fectly suited  to  blowpipe  assays.  The  pulverized  hydrated  salt  serves 
for  qualitative  analyses,  but  for  quantitative  assays,  where  all  intu- 
mescence must  be  avoided  as  far  as  possible,  it  is  better  to  employ  the 
borax  in  the  state  of  glass.  It  is  fused  in  a  platinum  crucible  over  a 
Bpirit-lamp  Avith  a  double  draught,  o#  on  coal  before  the  blowpipe,  in 
the  0.  F.,  and  the  glass  broken  to  coarse  powder  between  paper,  or  in 
the  steel  mortar,  is  rubbed  somewhat  finer  in  the  agate  mortar  and 
kept  in  a  glass-stoppered  bottle.  Impure  borax  can  be  purified  by 
recrystallization  and  washing  the  crystals  in  a  glass  funnel  with  a 
little  cold  distilled  water,  after  Avhich  they  are  dried  and  pulverized. 
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TtMs  and  use. — A  small  quantity  of  pure  borax  melted  in  the  loop  of  a  platinum 
.vire  must  not  give  a  colored  bead  in  the  0.  F.  or  the  R.  F.,  and  dissolved  in  water  it 
should  give  no"  precipitate  with  carbonate  of  soda,  and  after  adding  nitric  acid  to  its 
solution  there  must  be  no  precipitate  with  nitrate  of  baryta  or  nitrate  of  silver. 

Boraeic  acid  has  the  property  of  combining  with  oxides  at  a  high  temperature,  driv- 
ing out  weak  acids,  and  with  the  aid  of  the  0.  F.  disposing  metals,  and  sulphur,  and 
haloid  compounds  to  oxidize.  Borates  of  the  oxides  result,  which  fuse  reiulily  with 
borate  of  soda  and  give  a  clear  glass.  The  borax  contains,  besides  borate  of  soda,  free 
boraeic  acid,  and  is  therefore  inclined  to  dissolve  bases  and  acids,  and  to  form  basic  as 
well  as  acid  double  salts,  which  are  all  to  a  certain  degree  fluid.  These  salts  generally 
remain  clear  on  cooling,  and  thus  the  color  produced  by  the  combination  with  the  dis- 
solved body  is  the  more  clearly  brought  out  in  qualitative  examinations.  In  quantita- 
tive assays  it  serves,  partly  alone  and  partly  in  common  with  soda,  to  dissolve  the 
earths  and  metallic  oxides  of  difficult  reduction  occurring  in  the  ores  and  minerals,  as 
well  as  to  separate  vaiious  metallic  arsenides  from  one  another. 

5.  Salt  of  phosphorus  or  microcosmic  salt*  (Phosphate  of  soda 
and  ammonia.) — According  to  Berzelins  this  salt,  which  is  not 
ahvays  obtained  free  from  chloride  of  sodium,  is  best  made  as  fol- 
lows :  One  hundred  parts  of  crystallized  phosphate  of  soda  and  six- 
teen parts  of  chloride  of  ammonium  are  dissolved,  with  the  aid  of 
heat,  in  thirty-two  parts  of  water,  and  the  boiling-hot  solution 
filtered  and  allowed  to  cool.  The  double  Salt  crystallizes  while  cool- 
ing, leaving  in  the  solution  chloride  of  sodium  and  some  of  the 
double  salt,  Avhich,  however,  cannot  be  crystallized  out  free  from 
chloride  of  sodium  by  further  evaporating  the  mother  liquor,  and 
cannot,  therefore,  be  used  for  blowpipe  examinations.  After  com- 
pletely decanting  the  mother  liquor  the  crystals  are  dried  between 
filter-paper  and  the  salt  kept  for  use  in  wooden  boxes.  When 
heated  on  coal  or  platinum  wire  it  boils,  swells  a  little,  and  gives  up 
its  water  and  ammonia,  leaving  behind  acid  phosphate  of  soda, 
which  melts  quietly  and  solidifies  on  cooling  to  a  clear  colorless 
glass. 

Tests  and  use. — If  the  salt  is  pot  free  from  chloride  of  sodium  it  sometimes  gives  a 
glass  which  is  not  clear  on  cooling,  and  when  a  little  oxide  of  copper  is  dissolved  in  the 
salt  which  is  fused  on  platinum  wire,  the  outer  flame  is  colored  blue.  In  this  case  it 
must  be  redissolved  in  a  little  boiling  water  and  set  aside  to  recrystallize.  "When  freed 
from  its  water  and  ammonia  by  fusion,  the  salt  acts  particularly  through  its  free  phos- 
phoric acid,  which  exerts  a  powerful  solvent  action  on  many  substances  under  examin- 
ation. Taking  up  all  bases  it  forms  with  them  more  or  less  fusible  double  salts,  the 
transparency  and  color  of  which  are  chiefly  to  be  regarded.  It  serves  also  to  separate 
the  bases  in  the  test  for  fluorine. 

While  this  salt  is  analogous  in  its  action  to  biborate  of  soda,  the  glasses  which  it 
forms  with  metallic  oxides  generally  differ  in  color  and  intensity  from  those  obtained 
urith  borax  and  the  same  oxides  by  similar  treatment. 

*  For  this  salt  the  letters  S.  Ph.  will  be  used. 
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6.  Nitre  {nitrate  of  potassa).—CommQvc\QX  saltpetre  is  dissolved 
in  a  small  quantity  of  boiling  water,  and  the  boiling-hot  solution  fil- 
tered and  set  a^ide  to  crystallize.  After  a  small  quantity  of  crystals 
has  formed,  the  mother  liquor  is  pourgd  off  and  the  crystals  dried 
between  filter-paper  and  kept  in  wooden  boxes. 

Nitre  serves  only  as  an  oxidizing  agent. 

7.  Bisulpliate  of  potassa.— This  salt  can  be  ])repared  thus:  One 
part  by  weight  of  pure  sulphuric  acid  is  poured  over  two  parts  of 
coarsely-broken  crystals  of  pure  sulphate  of  potassa  in  a  porcelain 
crucible,  which  is  then  gradually  heated  over  a  spirit-lamp  until  the 
whole  forms  a  fluid  clear  as  water,  when  the  crucible  is  removed  and 
the  fluid  salt  allowed  to  cool.  It  solidifies  very  quickly,  appears  quite 
white,  and  can  be  obtained  in  one  piece  by  turning  the  crucible  over 
when  cold.  The  pulverized  salt  is  preserved  for  use  in  a  glass-stop- 
pered bottle. 

Use. — It  is  used  in  testing  for  lithium,  boracic  acid,  nitric  acid,  fluorine,  bromine, 
chlorine,  and  iodine,  and  for  decomposing  compounds  of  titanic,  tantalic,  and  tungstic 
acids.  It  can  also  be  used  to  separate  baryta  and  strontia  from  the  other  earths,  and 
various  metallic  oxides  by  the  wet  way,  when  the  blowpipe  alone  is  not  sufficient.  The 
method  of  using  it  will  be  especially  described  under  the  separate  assays. 

8.  Vitrified  horacic  acid. — This  can  be  obtained  from  the  chemical 
works  of  as  good  quality  as  it  can  be  prepared,  and  more  cheaply.  It 
is  kept  in  the  form  of  powder,  or  in  small  fragments,  in  a  tightly- 
closed  bottle. 

It  ser\'cs  in  qualitative  examination  to  detect  phosphoric  acid  in  minerals,  and  a  small 
quantity  of  copper  in  presence  of  much  lead.  In  quantitative  assays  it  is  quite  indis- 
pensable in  separating  lead  from  copper,  and  from  alloys  of  the  noble  metals,  which  fuse 
with  difficulty  and  cannot  be  quite  freed  from  it  on  the  cupel. 

9.  Nitrate  of  coialt  in  solution. — Pure  protoxide  of  cobalt  is  dis- 
solved in  the  necessary  quantity  of  dilute  nitric  acid,  the  solution 
evaporated  to  dryness  at  a  gentle  heat,  the  dry  salt  dissolved  in  water, 
and  the  filtered  solution  kept  in  a  bottle.  The  solution  should  not 
be  concentrated,  as  this  would  not  answer  the  purpose  in  all  cases. 
The  protoxide  of  cobalt  must  be  chemically  pure,  containing  neither 
protoxide  of  nickel  nor  sesquioxide  of  iron,  and  there  must  be  no 
potassa  adhering  to  it.  The  latter  can  be  removed  by  boiling  the 
protoxide  with  distilled  water. 

Use. — The  nitrate  of  cobalt  serves  for  recognizing  various  earths  and  metallic  oxides 
with  which  protoxide  of  cobalt  forms,  on  being  heated  to  redness  in  the  0.  F.,  com- 
pounds distinguishable  by  their  peculiar  colors. 

As  only  one  or  two  drops  are  required  for  an  assay  it  is  convenient  to  take  out  the 
requisite  amount  with  a  small  instrument,  and  thus  moisten  the  substance  to  be  ex 
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ammed.  This  is  most  simply  effected  with  a  platinum  wire,  spoon-shaped  at  one 
end,  and  fixed  in  a  cork,  or  with  a  thin  ghiss  tul)e,  likewise  fastened  in  a  cork  which 
fits  the  neck  of  the  bottle,  Fig.  71.  The  latter  is  very  convenient, 
since  the  tube  acts  like  a  pipette  when  it  is  dipped  into  the  solution 
and  the  cork  pressed  a  little  into  the  neck  of  the  bottle,  the  compres- 
sion of  the  air  forcing  some  of  the  solution  into  the  tube.  On  draw- 
ing out  the  cork  and  the  filled  tube,  and  closing  the  wide  end  of  the 
latter  with  the  finger,  one,  two,  or  several  drops  may  be  allowed  to 
escape  without  touching  the  substance  with  the  narrow  end  of  the 
tube. 

On  a  journey  the  bottle  can  be  closed  with  a  glass-stopper,  and 

the  pipette  kept  by  itself. 

'  *^  ^     ■'  Fig.  71. 

10.  Ted  lead,  finely  granulated,  and  also  in  lumps,  as  free  as  possi- 
ble from  other  metals,  particularly  gold  and  silver. — When  the  gran- 
ulated test  lead  can  be  obtained  from  lead  and  silver  works  it  need 
only  be  sifted  through  the  small  sieve,  Fig.  57,  and  the  part  which 
passes  through  is  kept  in  a  wooden  box.  If  such  lead  cannot  be  had 
the  requisite  amount  may  be  prepared  by  reducing  the  lead  from  ace- 
tate or  sugar  of  lead  with  zinc,  in  the  following  way:  Dissolve  sugar 
of  lead  in  a  small  quantity  of  boiling  water,  then  place  a  zinc  rod  in 
the  filtered  solution,  and  after  about  six  hours,  carefully  detach  the 
metallic  lead  from  the  rod,  so  as  to  expose  a  fresh  surface,  repeating 
the  operation  every  six  hours,  until  all  the  lead  is  separated  in  the 
metallic  state.  The  lead  is  then  purified  from  the  adherent  acid 
solution,  which  contains  zinc,  by  repeated  washing,  and  dried  be- 
tween filter-paper  in  a  warm  place,  after  which  it  is  rubbed  in  a 
porcelain  mortar  and  the  fine  part  separated  from  the  coherent  mass 
with  the  lead  sieve. 

Test  lead  is  chiefly  used  in  quantitative  gold,  silver,  and  copper  assays.  The  volume 
of  a  weighed  amount  of  test  lead  prepared  from  sugar  of  lead  is  to  the  volume  of  an 
equal  weight  of  granulated  and  sifted  lead  as  six  to  five,  and  where  the  former  lead  is 
to  be  used  by  measurement  for  silver  and  gold  assays  with  the  measure.  Fig.  58,  and 
not  by  weight,  there  must  be  added  one  ctr.  for  every  five  ctrs.  in  order  to  obtain  the 
proper  weight.  When  the  granulated  lead  cannot  be  easily  obtained  the  preceding 
method  with  sugar  of  lead  affords  the  re&diest  means  of  preparing  pure  and  finely 
divided  test  lead. 

11.  Tin. — Ordinary  tinfoil  is  used,  cut  into  long  strips  twelve 
millim.  wide  and  rolled  up  tight. 

Tin  serves  to  produce  the  lowest  degree  of  oxidation  in  glass  fluxes,  particularly  in 
case  of  trifling  quantities  of  such  metallic  oxides  as  can  be  reduced  to  protoxide  or  sub- 
oxide, and  in  this  state  give  more  conclusive  results.  A  little  of  the  tin  is  cut  off,  laid 
directly  against  the  glass  bead  and  quickly  fused,  for  a  moment  only,  in  the  R.  F. 
After  adding  the  tin  the  blast  must  not  be  kept  up  too  long,  partly  because  the  tin  will 
entirely  reduce  many  metals  which  should  only  be  brought  to  the  lowest  state  of  oxi- 
dation, and  thus  recognized  by  the  color  of  the  glass,  and  partly  because  so  much  tin 
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may  be  dissolved,  especially  with  S.  Ph.  that  the  glass  becomes  quite  opaque,  wher© 
upon  the  reaction  disappears  entirely. 

12.  Iron,  as  fine  piano  wire,  and  also  wire  as  thick  as  a  moderately 
coarse  knitting-needle. 

The  fine  wire  serves  in  the  test  for  phosphoric  acid,  while  the  stout  wire  is  used  in 
the  qualitative  test  for  antimony  and  in  the  quantitative  lead  assay. 

13.  Silver. 

A  small  piece  of  sheet  silver  is  used  in  reactions  for  sulphide  of  sodium  or  soluble 
sulphides  It  is  also  required  in  many  quantitative  gold  assays  and  can  be  best 
reduced  from  chloride  of  silver,  being  hammered  and  rolled  into  a  thin  sheet  from  which 
the  desired  amount  may  be  easily  cut. 

14.  Gold,  in  small  buttons,  up  to  eighty  milligr.  in  weight,  or  as 
foil. — It  may  be  had  pure  by  dissolving  gold  coin  in  nitro-muriatic 
acid,  diluting  the  solution  properly  with  water  and  letting  it  stand 
until  it  is  clear  and  the  small  amount  of  chloride  of  silver  has  set- 
tled, when  it  is  filtered,  and  the  gold  precipitated  with  sulphate  of 
iron.  After  the  finely-divided  gold  has  settled,  it  is  collected  on  a 
filter,  well  washed,  dried,  and  gently  ignited.  It  is  best  to  ignite  the 
filter  separately.  From  this  gold,  buttons  of  any  desired  size  can  be 
made  by  fusion  on  coal  Avith  a  little  borax. 

Gold  serves  in  many  reduction  assays  to  collect  small  quantities  of  reduced  metals, 
which  are  to  be  simply  separated,  or  recognized,  or  else,  as  is  frequently  the  case,  are  to 
be  quantitatively  determined,  viz.,  copper  and  nickel. 

15.  Arsenic  in  the  metallic  state. — If  it  cannot  be  purchased, 
powdered  mispickel  is  treated  in  a  glass  retort  provided  with  a 
receiver,  as  long  as  a  sublimate  of  metallic  arsenic  collects  on  the 
neck  of  the  retort.  When  cold,  the  retort  is  broken  and  the  arsenic 
which  has  collected  toward  the  end  and  is  free  from  sulphur  is  kept 
for  use. 

It  serves  in  the  nicbel  and  cobalt  assays  to  convert  the  metallic  oxides  into  arsenides. 

I.  Special  reagents  used  only  in  certain  examinations. 

1.  Test  papers  of  blue  and  red  litmus  and  Brazil-wood  paper  cut 
into  small  strips. — The  paper  is  colored  in  the  following  way : 

a.  Blue  litmtcs  ^Mjjer. — One  part  of  litmus,  of  the  best  quality,  is 
rubbed  to  a  coarse  powder  and  mixed  with  water  to  a  paste,  which  is 
tied  up  in  a  bag  of  fine  linen  and  hung  in  a  vessel  Containing  ten 
times  as  much  boiling  water  as  the  weight  of  the  litmus  employed. 
The  coloring  matter  is  extracted,  forming  a  solution  which  is  poured 
into  a  porcelain  dish,  and  the  strips  of  paper,  after  being  drawn 
through  it  with  a  glass  rod,  are  hung  upon  a  cord  to  dry,  in  u  shaded 
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place  free  from  dust.  Fine  filter-paper  in  strips  two  inches  wide  ia 
best  suited  for  this  purpose. 

h.  Red  litmus  paper. — A  litmus  solution  prepared  as  above  is  red- 
dened with  the  least  possible  amount  of  dilute  sulphuric  acid,  added 
very  gradually  while  the  liquid  is  strongly  stirred,  so  that  no  more 
acid  is  added  than  is  exactly  necessary,  as  otherwise  the  paper  is  not 
sensitive  enough.    The  paper  is  then  prepared  as  before. 

c.  Brazil-wood  paper. — Shavings  of  Brazil-wood  are  boiled  in  a 
glass  flask  with  water,  the  liquid  decanted  from  the  shavings  and 
paper  colored  with  it  in  the  same  way  as  with  the  litmus  extract. 

Use. — Bine  litmus  paper  is  used  for  recognizing  free  acids ;  red  litmus  paper  is  a 
sensitive  reagent  for  free  alkalies.  Brazil-wood  paper  is  used  especially  in  the  test  for 
fluohydric  acid,  which  imparts  to  it  a  yellow  color. 

2.  Antimonate  of  potassa,  in  a  pulverized  state.— One  part  of 
antimony  is  mixed  with  six  parts  of  nitre  and  deflagrated  in  a  red- 
hot  clay  crucible.  The  resulting  mass  is  pulverized,  lixiviated  with 
cold  water,  and  then  treated  with  water  at  a  boiling  heat,  which  dis- 
solves the  neutral  antimonate  of  potassa,  and  an  acid  salt  remains. 
The  solution  of  the  neutral  salt  is  separated  from  the  residue  by 
filtration,  evaporated  to  dryness,  and  the  dry  salt  heated  strongly, 
until  it  is  quite  free  from  water  and  has  assumed  a  white  color.  It 
is  pulverized  while  warm  and  preserved  in  a  well-closed  bottle. 

It  is  employed  to  detect  small  quantities  of  carbon  in  compound  bodies.  When 
ignited  with  them  it  yields  oxygen  to  the  carbon,  forming  carbonate  of  potassa,  which 
gives  up  its  carbonic  acid  in  the  form  of  gas  when  dissolved  in  water,  and  decomposed 
by  nitric  acid  while  still  quite  warm. 

3.  Common  salt,  or  rock  salt  {Moride  of  sodium) ;  decrepitated, 
or  fused  and  powdered. 

Its  use  is  very  limited,  but  it  is  employed  with  advantage  as  a  cover  for  the  neces- 
sary charges  in  quantitative  lead,  bismuth,  tin,  nickel,  and  cobalt  assays,  when  they 
are  fused  in  clay  crucibles. 

4.  Fluor  spar,  heated  to  redness  and  kept  in  a  wooden  box. — It 
must  be  quite  free  from  boracic  acid,  which,  according  to  Kersten,  is 
not  always  the  case.  "When  mixed,  therefore,  with  bisulphate  of 
potassa  and  fused  on  platinum  wire,  in  the  blue  flame,  it  must  not 
color  the  outer  flame  green. 

It  serves,  in  connection  with  bisulphate  of  potassa,  to  detect  lithium  and  boracic 
acid  in  compounds. 

5.  Quartz  {silicic  acicT). — Pure  silicic  acid,  separated  from  the  sil- 
icates in  the  course  of  chemical  analysis,  may  be  used,  provided  it 
has  a  perfectly  white  color  after  ignition.     Eock  crystal  may  also  be 
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used,  being  coarsely  powdered  between  paper  and  then  pulverized 
in  an  agate  mortar. 

Fused  to  a  glass  vdih  soda  it  serves  to  test  substances  for  sulphuric  acid,  and,  in 
combination  with  soda  and  borax,  to  separate  tin  from  copper ;  also  frequently,  in  con- 
nection with  soda,  to  test  for  phosphoric  acid. 

6.  Oxide  of  copper. — It  is  most  simply  prepared  by  dissolving 
pure  copper  in  nitric  acid,  evaporating  to  dryness,  and  gradually 
heating  the  dry  mass  to  a  strong  red  heat  in  a  thin  porcelain  dish. 

It  serves  chiefly  to  detect  small  quantities  of  chlorine  in  compounds. 

7.  Oxalate  of  nichel. — Protoxide  of  nickel,  quite  free  from  cobalt 
and  iron,  is  dissolved  in  hydrochloric  acid,  the  solution  evaporated 
to  dryness  on  a  water-bath,  the  dry  mass  dissolved  in  water,  filtered, 
and  the  oxide  of  nickel  precipitated  with  oxalic  acid.  The  precipi- 
tate is  dried  and  kept  for  use.  It  serves  to  detect  potassa  in  certain 
cases. 

8.  Chloride  of  silver,  in  the  form  of  a  thick  paste. 

It  serves  to  produce  certain  colored  flames  which  appear  more  distinct  with  it  than 
with  hydrochloric  acid. 

9.  Starch  meal. 

It  acts  as  a  reducing  agent  in  quantitative  lead,  bismuth,  tin,  nickel,  and  cobalt 
assays,  when  they  are  fused  with  carbonate  of  potassa  and  soda  in  clay  crucibles. 

10.  Graphite. — Commercial  graphite  is  often  very  impure,  usually 
containing  many  earthy  particles,  and  cannot  then  be  used  for  blow- 
pipe assays.  A  piece  must  be  sought  which  is  soft,  but  not  scaly 
and  lamellar,  for  such  graphite  burns  with  difficulty.  It  is  pulver- 
ized and  its  purity  tested  by  burning  a  little  of  the  powder  in  a  clay 
capsule.  When  a  pure  piece  cannot  be  obtained  the  impure  graphite 
is  purified  in  the  following  way :  After  being  pulverized  as  fine  as 
possible  it  is  mixed  with  twice  its  volume  of  carbonate  of  potassa 
and  heated  to  redness  in  a  covered  clay  crucible.  The  heated  mass 
is  then  powdered  and  boiled  with  Avater,  and  any  admixture  of  quartz 
thus  removed  with  the  alkali ;  by  heating  the  remaining  graphite 
with  dilute  nitric  acid  the  iron  and  earths  can  be  dissolved  and 
separated  by  filtration  and  thorough  washing.  The  graphite  which 
remains  is  thoroughly  dried  and  kept  for  use.  [The  graphite  ob- 
tained by  scraping  soft  lead  pencils  of  the  finest  quality  answers 
every  purpose. — Transl.] 

Pure,  very  finely-divided  graphite  serves  well  as  an  addition  in  roasting  substances 
containing  sulphur  or  arsenic  in  which  the  copper  is  to  be  quantitatively  determined. 
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11.  A  toucJi-stone  for  testing  the  precious  metals  and  their  alloys. — 
It  consists  of  hard  black  basalt  or  flinty  jasper  ground  smooth.  The 
metallic  streaks  are  removed  by  smearing  the  stone  with  a  little  oil 
and  rubbing  it  with  charcoal,  after  which  the  surface  is  wiped  off 
and  appears  clean  and  quite  black  again, 

B.  Eeagents  for  blowpipe  analyses  which  are  performed  with  the 
aid  of  the  wet  process. 
a.  General  Eeagents. 

1.  Sulphuric  acid,  concentrated. 

It  serves  to  intensify  the  reactions  of  boracic  and  phosphoric  acids  in  the  outer  flame, 
with  substances  containing  those  acids ;  to  decompose  many  compounds  of  fluorine, 
and  in  the  examination  for  arsenic.  It  is  used  in  a  dihite  state  to  detect  lime,  under 
certain  circumstances,  and  also  to  separate  baryta  and  strontia  from  other  earths. 

2.  Nitric  acid,  chemically  pure. 

It  is  used  to  peroxidize  protoxide  of  iron  in  solutions,  to  separate  silver  from  gold, 
and  is  of  advantage  in  other  cases. 

3.  Hydrochloric  acid. 

It  serves  to  detect  small  quantities  of  ammonia  in  salts ;  the  ammonia  being  set  free 
by  soda,  under  the  influence  of  heat,  and  brought  into  contact  with  a  glass  rod  moist- 
ened with  the  acid,  when  a  white  cloud  is  produced.  It  also  serves  to  detect  carbonic 
acid  in  compounds  soluble  in  hydrochloric  acid.  Further,  to  dissolve  various  earthy 
salts,  to  decompose  many  silicates,  the  bases  of  which  cannot  be  certainly  determined 
by  the  blowpipe  alone,  and  finally,  in  the  quantitative  tin  assay,  to  separate  various 
metallic  oxides  from  the  roasted  tin  ore. 

4.  Acetic  acid. 

Tests  and  use. — Acetate  of  baryta  must  not  cause  any  cloudiness.  It  is  only  used  in 
examining  compound  substances  for  chromic,  vanadic,  and  phosphoric  acids. 

5.  Oxalic  acid. 

When  dissolved  it  serves  to  precipitate  lime  from  an  ammoniacal  liquid,  and  to  sepa- 
rate zirconia,  sesquioxide  of  iron,  and  sesquioxide  of  uranium  from  yttria  and  the  oxides 
of  cerium  and  lanthanum.      It  can  also  be  used  to  reduce  gold  dissolved  in  aqua  regia. 

6.  Caustic  potassa,  in  solution. — It  can  be  carried  in  the  solid 
state  during  a  trip  and  dissolved  in  the  necessary  amount  of  water 
when  used.  The  commercial  potash,  not  always  quite  free  from  alu- 
mina, may  be  purified  by  dissolving  it  in  absolute  alcohol,  decanting 
the  solution  from  the  residue,  and  concentrating  it  in  a  silver  vessel 
until  it  forms  a  glowing  fluid  mass,  Avhich  is  then  poured  on  cold, 
clean  sheet-iron,  and  after  solidifying,  preserved  in  a  glass-stoppered 
bottle. 

Dissolved  in  water  it  sei-ves  to  separate  alumina  and  glucina  from  the  sesquioxides 
of  iron,  manganese,  and  chromium,  after  they  have  all  been  precipitated  from  theit 
solutions  by  ammonia  and  thoroughly  washed. 
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7.  Ammonia. 

Tests  and  use. — It  must  be  free  from  carbonic  acid,  so  that  a  solution  of  chloride  ol 
calcium  must  produce  no  cloudiness,  by  the  formation  of  carbonate  of  lime.  It  is  used 
in  blowpipe  analyses,  with  the  aid  of  the  wet  process,  when  the  separate  earths  are  to 
be  detected  in  compounds,  for  the  purpose  of  separating  alumina,  glucina,  yttria,  and 
the  sesquioxide  of  chromium,  iron,  etc.,  from  lime,  magnesia,  and  protoxide  of  man- 
ganese in  solutions,  which  in  many  cases  must  contain  free  hydrochloric  acid  or 
chloride  of  ammonium. 

8.  Carbonate  of  ammonia. — It  is  kept  in  a  powdered  state  in  a 
glass-stoppered  bottle. 

Dissolved  in  water  it  ser\'es,  in  analyses  which  cannot  be  performed  with  certainty 
before  the  blowpipe  alone,  to  separate  glucina  from  alumina,  and  sesquioxide  ot 
uranium  from  sesquioxide  of  iron,  in  the  wet  way.  It  is  also  added  to  the  water  used 
in  washing  precipitated  phosphate  of  ammonia  and  magnesia,  and  is  employed  in 
roasting  many  quantitative  assays,  to  secure  the  decomposition  of  certain  metallic 
sulphates. 

9.  Bichloride  of  platinum. — It  is  prepared  by  warming  very  thin 
bits  of  platinum  with  twice  their  weight  of  hydrochloric  acid  and 
adding  nitric  acid  by  drops  until  all  is  dissolved.  To  remove  the 
free  acid  the  liquid  is  carefully  evaporated  to  dryness,  the  brown  res- 
idue dissolved  in  water,  filtered,  and  kept  in  this  state.  It  must  not 
be  too  dilute. 

It  is  the  best  reagent  in  the  wet  way  for  potassa,  when  occurring  in  trifling  quanti- 
ties in  compounds  with  soda  or  lithia. 

10.  Distilled  water. — When  the  aid  of  the  wet  way  is  required, 
distilled  water  must  always  be  at  hand.  Evaporated  on  platinum 
foil  it  must  leave  no  residue,  and  must  not  be  rendered  cloudy  by 
salts  of  barium  or  silver. 

I.  Special  reagents  of  limited  use. 

1.  Tartaric  acid,  in  a  crystallized  state. — It  is  kept  in  a  wooden 
box,  and  is  used  in  the  separation  of  iron  from  yttria  and  zirconia 
by  sulphide  of  ammonium. 

2.  Carbonate  of  ^jotassa. — It  is  kept  in  the  dry  state  in  a  glass- 
stoppered  bottle. 

It  replaces  soda  in  the  qualitative  test  for  tantalic  and  niobic  acids,  and  may  also  be 
used  in  connection  with  soda  for  quantitative  assays  that  must  be  fused  in  clay  cruci- 
bles. 

3.  Neutral  sulphate  of  potassa,  in  small  crystalline  crusts. — It  is 
obtained  quite  pure  from  the  apothecaries,  and  kept  in  a  wooden 
box. 
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It  is  frequently  employed  to  detect  zirconia  and  to  separate  the  oxides  of  cerium, 
liinthanum,  and  didymium  from  other  bodies  by  the  wet  way,  when  the  blowpipe  alone 
is  not  sufficient. 

4  Chloride  of  ammonium  {sal  ammoniac). — It  is  obtained  quite 
pure  from  the  apothecaries,  but  may  be  redissolved  in  hot  water, 
filtered,  and  set  aside  to  recrystallize.  After  decanting  the  mother 
liquor  the  crystals  are  dried  between  filter-paper  and  kept  in  a 
wooden  box. 

It  is  used  only  in  the  assay  for  gold  when  platinum  or  iridium  are  to  be  separated. 

5.  MolyMate  of  ammonia. — It  may  be  prepared  by  pulverizing 
molybdenite  as  finely  as  possible  and  roasting  it  in  a  small  and  quite 
shallow  dish  of  platinum  or  sheet-iron,  at  a  moderate  heat,  over  a 
gas-lamp,  or  spirit-lamp  with  a  double  draught,  until  the  powder 
becomes  yellow  and  is  mostly  converted  into  molybdic  acid,  which 
turns  yellowish-white  on  cooling.  It  is  then  digested  for  some  time 
with  ammonia,  which  extracts  the  molybdic  acid,  forming  molybdate 
of  ammonia,  and  this  is  separated  from  the  residue  of  undecomposed 
molybdenite  and  binoxide  of  molybdenum,  evaporated  to  dryness, 
and  kept  for  use.  The  residue  may  be  again  roasted  and  treated 
with  ammonia. 

Molybdate  of  ammonia  dissolved  in  water  is  the  most  delicate  reagent  for  phos- 
phoric acid. 

6.  Ferrocyanide  of  potassium. — This  may  be  kept  in  the  crystal- 
lized state  and  the  requisite  quantity  dissolved  in  eight  or  ten  parts 
of  water  when  used. 

It  serves  to  detect  a  very  trifling  amount  of  iron  in  substances  containing  chromium 
and  vanadium,  when  they  have  been  previously  fused  with  bisulphate  of  potassa. 

7.  Sulphide  of  ammo7iium. — Pure  caustic  ammonia  is  diluted  with 
an  equal  volume  of  water,  and  hydrosulphuric  acid  gas  conducted 
into  it  until  a  solution  of  sulphate  of  magnesia  mixed  with  a  portion 
of  it  remains  perfectly  clear.  This  test  is  necessary  to  ascertain 
whether  the  ammonia  is  quite  saturated.  The  sulphide  of  ammo- 
nium thus  made  is  kept  in  a  glass-stoppered  bottle,  over  which  is 
fastened  a  piece  of  bladder  or  thin  caoutchouc. 

It  is  used  to  separate  protoxide  of  manganese  and  cobalt  from  magnesia,  sesqui- 
oxide  of  iron  from  yttria,  and  tungstic  acid  from  tantalic  and  niobic  acids,  as  will  be 
described  in  the  various  wet  analyses. 

8.  Suljjhate  of  protoxide  of  iron. — To  preserve  this  salt  without 
the  formation  of  sulphate  of  the  sesquioxide,  the  purest  protosul- 
phate  of  iron  is  dissolved,  according  to  Otto,  in  boiling  water,  the 
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solution  boiled  with  metallic  iron,  filtered  while  quite  hot,  and  alco- 
hol added,  stirring  the  solution  meanwhile.  On  cooling,  a  salt,  per- 
fectly free  from  sesquioxide,  separates  in  small  crystals,  which  are 
collected  on  a  filter  and  washed  with  alcohol,  the  funnel  being 
covered  over  after  each  fresh  portion  is  poured  on.  After  first  free- 
ing the  purified  salt  from  most  of  the  adherent  fluid  between  filter- 
paper,  it  is  wrapped  in  the  same  kind  of  paper,  dried  in  a  moderately 
warm  place,  and  preserved  in  a  bottle. 

Dissolved  in  water  it  sen'es  in  many  cases  to  precipitate  gold  from  its  solution  in 
aqua  regia,  since  it  has  a  reducing  action.  There  are  other  agents  for  precipitating 
gold,  such  as  oxalic  acid,  terchloride  of  antimony,  etc.,  but  sulphate  of  iron  is  quite 
sufficient  for  blowpipe  assays. 

9.  Sulphate  of  copper. 

It  is  of  very  limited  use,  but  is  frequently  employed  with  advantage  to  detect 
chlorine  in  compounds.    It  is  kept  in  the  shape  of  coarse  powder  in  a  wooden  box. 

10.  Acetate  of  lead,  kept  in  the  crystalline  state  in  a  wooden  box. 

It  is  used  in  testing  for  chromium,  vanadium,  and  phosphoric  acid,  when  the  wet 
way  is  partially  necessary. 

11.  Infusion  of  galls. — One  part  of  coarsely-powdered  galls  is 
digested  for  twenty-four  hours  with  six  parts  of  alcohol,  the  liquid 
decanted,  and  the  residue  pressed  out;  both  solutions  are  then 
mixed,  filtered,  and  the  clear  fluid  kept  in  a  well-closed  bottle. 

It  serves  to  distinguish  tantalic  from  niobic  acid,  as  will  be  given  under  the  examin- 
ation for  tantalum  and  niobium. 

12.  A  hsolute  alcohol. 

It  is  used  with  bichloride  of  platinum  in  testing  silicates  for  potassa,  and  is  also 
required  in  the  examination  for  baryta  and  strontia,  both  to  distinguish  these  earths 
and  to  separate  them  from  one  another. 

13.  Chloride  of  mercury  {corrosive  sublimate). 
It  is  only  used  in  the  quantitative  chi-omium  assay. 
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General  Rules. 

A.  General  rules,  according  to  which  the  behavior  of 
minerals  and  other  substances  before  the  blovrpipe 
can  be  determined,  and  a  considerable  proportion  of 
their  constituents  discovered. 

The  behavior  of  a  substance  before  the  blo"vvpipe  is  tested  partly 
without  and  partly  with  reagents.  The  testing  without  reagents  is 
performed : — 

1.  In  a  small  glass  matrass,  or  a  closed  tube,  to  learn  whether  the 
substance  decrepitates  when  heated,  or  yields  volatile  constituents 
which  may  be  recognized,  thus  frequently  giving  indications  of  the 
composition  of  the  substance. 

2.  In  an  open  tube,  to  detect  constituents  which  oxidize  and  vola- 
tilize on  ignition  with  access  of  air. 

3.  On  coal,  to  observe  what  alterations  the  substance  undergoes 
in  the  0.  F.  and  E.  F.,  and  whether  metallic  constituents  become 
volatile,  oxidizing  and  forming  a  coat  on  the  coal,  by  which  they 
may  be  recognized,  etc. 

4.  Either  in  the  platinum  forceps,  or,  if  the  substance  is  an  easily 
fusible  salt,  in  the  loop  of  a  platinum  wire,  partly  to  learn  the  fusi- 
bility of  the  substance,  and  partly  to  learn  whether  it  colors  the 
outer  flame,  and  how. 

The  testing  with  reagents  is  performed  partly  on  platinum  wire 
and  partly  on  coal.  As  regards  the  amount  or  size  of  the  substance 
to  be  tested,  it  can  only  be  generally  remarked  that  for  testing  in 
matrasses  and  tubes,  too  little  should  not  be  used,  while  in  testing 
the  fusibility  and  color  of  the  flame  only  very  small  splinters  or 
pieces  should  be  taken,  and  the  same  is  true  in  testing  substances 
containing  metallic  oxides  with  borax  and  salt  of  phosphorus. 

It  is  advisable  to  place  the  blowpipe-lamp  on  a  sheet  of  white  paper  on  the  table, 
both  to  protect  the  latter  and  to  keep  the  substances  which  may  fall  from  being 
rendered  impure,  while  they  can  also  be  more  easily  found  again. 
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a.   Examination  of  the  substance  without  reagents. 

1.  Testing  in  a  small  matrass,  or  in  a  closed  glass  tube. 

When  the  substance  seems  free  from  inorganic  combustible  bodies, 
like  sulphur,  arsenic,  etc.,  a  suitable  quantity  of  it  is  put  into  a 
matrass,  Fig.  26,  A ;  if  such  bodies  are  present,  however,  then  a  closed 
tube.  Fig.  26,  B,  is  employed,  which  must  not  be  too  wide,  so  that  the 
substance  is  surrounded  with  as  little  air  as  possible,  and  no  oxida- 
tion of  the  combustible  bodies  may  ensue.  In  both  cases  the  assay 
is  heated  in  the  flame  of  the  spirit-lamp,  at  first  gently,  and  then  to 
redness  if  necessary,  while  all  the  phenomeua  are  noted.  The  most 
usual  phenomena  occurring  in  such  a  test  are  illustrated  by  examples 
in  the  following  pages. 

Exmnination  of  the  substance  hy  itself  in  a  small  matrass. 

Here  belong  salts  and  similar  compounds,  silicates  and  aluminates, 
hydrates,  and  metallic  oxides  with  their  compounds. 

a.  The  substance  when  heated  is  altered  in  shape  or  condition; 
decrepitates  {e.  g.,  larite,  fluorite,  calcite,  and  many  other  minerals) ; 
phosphoresces  {fluorite,  especially  the  green  yariety,  apatite,  certain 
calcites,  harmotome,  cyanite) ;  appears  to  glow  as  if  on  fire  [glassy 
gadolinife,  orthite,  samarshite,  etc.) ;  or  changes  its  color,  which 
reappears  in  many  cases  on  cooling,  while  nothing  seems  to  volatilize 
except,  perhaps,  a  little  water  {zincite,  titanic  acid,  cerussite,  which 
turns  yellow,  malachite,  siderite,  oxide  of  zinc,  which  becomes  tran- 
siently yellow). 

^.  The  S.  does  not  appear  to  alter,  but,  after  longer  and  more 
intense  ignition,  yields  volatile  constituents.  Thus,  many  peroxides 
evolve  oxygen,  which  may  be  easily  recognized  by  placing  a  splinter 
of  charcoal  on  the  assay,  when  the  coal  suddenly  enters  into  active 
ignition  on  being  sufficiently  heated.  Hydrates,  hydrous  silicates, 
or  substances  which  contain  water  mechanically  combined,  yield 
water,  which  collects  in  the  neck  of  the  matrass.  In  case  they 
also  contain  sulphuric  acid  or  fluorine  and  are  decomposed  by  heat, 
the  water  has  an  acid  reaction  on  litmus  or  Brazil-wood  paper,  after 
strong  ignition ;  in  the  presence  of  a  decomposable  metallic  fluoride, 
hydrofluoric  acid  is  also  formed,  Avhicli  attacks  the  glass  at  a  short 
distance  from  the  assay  and  renders  it  dull. 

7.  The  S.  fuses  without  yielding  water,  and  boils  when  strongly 
heated. — Certain    chlorates,   bromates,    and    iodates. — The    oxygen 
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evolved  reignites  a  glowing  splinter  introduced  into  the  matrass, 
or  causes  a  deflagration  when  coal  dust  is  thrown  on  the  melting 
salt.    Nitrate  ofpotassa  and  soda  behave  similarly. 

S.  The  S.  fuses,  yields  much  water,  which  collects  in  the  neck,  and 
becomes  solid  again. — Salts  containing  much  water  of  crystallization. 
— After  drying  the  neck  with  paper,  a  strip  of  litmus  paper  is  intro- 
duced and  the  S.  moi'e  strongly  heated.  Many  salts  with  weak  bases, 
as  alumina,  sesquioxide  of  iron,  etc.,  are  decomposed  at  a  red  heat, 
yielding  a  more  or  less  acid  reaction,  and  sometimes  clouding  the 
glass  above  the  assay.  The  liberated  acids  may  also  sometimes  be 
recognized  by  their  odor. 

£.  The  S.  fuses  and  yields  acid. — Acid  salts,  the  acids  of  luhich  are 
volatile  lohen  in  a 'pure  or  hydrated  state. — The  escaping  excess  of 
acid  reddens  litmus  paper.  Among  the  neutral  salts  with  volatile 
acids  only,  the  nitrates  and  hyposulphates  are  generally  decomposed;- 
the  former  yield  yellowish-red  nitrous  acid  gas,  and  the  latter  color- 
less sulphurous  acid.  In  certain  cases  metallic  fluorides  yield  more 
or  less  hydrofluoric  acid,  especially  when  the  compound  contains 
water,  and  part  of  the  fluorine  is  combined  with  a  weak  base  like 
aluminium.  Should  violet  vapors,  with  an  odor  of  iodine,  appear, 
they  indicate  free  iodine. 

^.  Charring  takes  place,  sometimes  accompanied  by  intumescence 
and  often  with  a  burnt  or  bituminous  odor. —  Organic  substances. — ■ 
If  the  cold,  charred  residue  effervesces  with  acids,  this  indicates  a 
combination  of  alkalies  or  alkaline  earths  with  the  organic  acida 
in  the  substance.  Certain  organic  acids  can  be  at  the  same  time 
detected  by  the  odor  evolved  while  charring;  as  tartaric  acid,  ben- 
zoic acid,  etc.  The  presence  of  cyanogen  compounds  is  shown  by 
the  odor  of  hydrocyanic  acid  evolved  on  adding  hydrochloric  acid. 
Sometimes  on  heating  nitrogenous  substances  ammonia  is  formed, 
which  can  be  detected  by  red- litmus  paper  or  a  rod  dipped  in  hydro- 
chloric acid. 

7).  The  substance  sublimes  and  condenses  in  the  neck. — Most  am- 
moniacal  salts,  which  either  sublime  entirely,  or,  if  combined  with 
a  non-volatile  acid,  simply  yield  ammonia ;  protochloride  of  mercury, 
which  first  fuses  and  then  sublimes  ;  stihchloricle  of  mercury,  which 
sublimes  without  fusing,  becoming  yellowish,  but  on  cooling  is  white 
again  ;  chloride  of  lead,  which  fuses  to  a  dark,  yellow  fluid,  sublimes 
partially,  and  becomes  opaque  and  white  on  cooling;  oxide  of  anti- 
mony, which  first  fuses  to  a  yellow  fluid  and  then  sublimes  in 
lustrous  needles,  unless  more  highly  oxidized  by  the  enclosed  air; 
arsenous  acid,  which  sublimes  very  easily  and  condenses  in  a  crystal- 
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line  state ;  tellurous  acid,  resembling  oxide  of  antimony,  but  volatil- 
izing with  far  more  difficulty,  and  forming  no  crystalline  sublimate; 
ostnic  acid,  subliming  in  white  drops,  and  evolving  a  penetrating, 
extremely  disagreeable  odor;  [oxide  of  mercury  yields  globules  of 
metallic  mercury,  condensed  on  the  glass. — Transl.] 

Examination  of  the  substance  alone  in  the  closed  tube. 

In  this  way  are  tested  sulphides,  selenides,  arsenides,  tellurides, 
and  metallic  compounds. 

a.  The  S.  is  unaltered,  or  decrepitates,  or  fuses  and  gives  nothing 
volatile,  even  when  heated  with  the  blowpipe  until  the  glass  begins 
to  melt.  Sometimes  the  glass  becomes  clouded  just  above  the  assay, 
but  this  results  from  a  little  sulphurous  acid  acting  on  the  glass. 

(3.  The  S.  yields  a  sublimate  of  sulphur,  dark  yellow  to  reddish- 
brown  while  warm,  pure  sulphur  yellow  when  cold. — Metallic  sul- 
phides containing  much  sulj^hur,  as  iron  2)y rites,  which  yields  nearly 
one  atom  of  sulphur;  or  combinations  of  metallic  sulphides  where 
one  of  them  has  more  than  one  atom  of  suljDhur  for  one  atom  of  the 
metal,  as  chalcopyrite.  Sometimes  the  native  protosulphides  con- 
tain a  slight  excess  of  sulphur  and  yield  it  as  a  thin,  almost  white 
film. 

7.  The  S.  yields  a  sublimate  of  sulphide  of  arsenic,  dark  brownish- 
red  to  almost  black  while  hot,  and  reddish-yellow  to  red  when  cold. 
— Native  or  artificial  sulphide  of  arsenic,  and  combinations  or  mix- 
tures of  metallic  sulphides  and  arsenides,  which,  on  giving  up  all 
their  arsenic  contain  more  sulphur  than  is  required  to  convert  them 
into  protosulphides. 

5.  The  S.  heated  strongly  yields  a  black  sublimate,  condensing  just 
above  the  assay,  and  becoming  cherry-red  to  brownish-red  on  cool- 
ing. It  is  a  combination  of  sulphide  and  oxide  of  antimony. — 
Sulphide  of  antimony  and  compounds  of  metallic  sulphides  with 
much  sidphide  of  antimofiy. 

s.  The  S.  yields  a  black,  lustrous,  metallic,  and  crystalline  subli- 
mate of  arsenic,  and  evolves  an  alliaceous  odor. — Metallic  arsenic 
and  arsenides  containing  more  than  one  atom  (double  atom)  of 
arsenic  for  two  of  the  metal,  as  smaltite,  chloanthite,  etc.;  also  com- 
pound sulphides  and  arsenides  in  which  the  liberated  arsenic  is 
replaced  by  the  sulphur,  which  combines  with  the  bases  to  form 
protosulphides,  as  pyrite.  A  little  sulphide  of  arsenic  sometimes 
sublimes  first. 

^.  The  S.  gives  a  dull  black  sublimate  of  sulphide  of  mercury, 
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wliicli  becomes  red  when  rubbed. — Native  or  artificial  sulphides  of 
mercury,  as  cinnabar  ;  also  mercuriferous  tetraliedrite. 

»).  The  S.  yields  a  lustrous,  crystalline,  gray  sublimate  of  selenide 
of  mercury. — Tiemannite  and  lelirbacliite. 

6.  The  S.  yields  a  film  or  coat  of  small  drops  of  lustrous  mercury. 
— Amalgams. 

Non-Tolatile  metallic  sulphides  and  such  as  contain  a  low  proportion  of  sulphur ; 
non-volatile  arsenides  and  those  containing  only  one  atom  (double  atom)  or  less  oi' 
arsenic  for  two  atoms  of  the  metal ;  further,  tellurides  and  antimonides  yield  uncertain 
results,  or  none  at  all,  in  the  closed  tube. 

2.    Examination  of  the  substance  in  the  open  tube. 

The  substance  tested  in  the  closed  tube  must  also  be  tested  in  the 
open  tube.  The  assay  is  laid  near  one  end  of  the  tube  and  the  spot 
heated  with  the  spirit-lamp  at  first,  and  then,  if  necessary,  with  the 
blowpipe,  the  tube  being  somewhat  inclined.  Generally  fragments 
are  used,  but  substances  which  decrepitate  are  first  pulverized.  The 
force  of  the  current  of  air  can  be  regulated  by  the  inclination  of 
the  tube.  Many  bodies  not  volatile  in  the  closed  tube  here  absorb 
oxygen  from  the  current  of  air  and  form  volatile  acids  or  metallic 
oxides.  Some  escape  as  gases,  recognizable  by  their  odor  ;  others 
condense  as  sublimates  in  the  cool  part  of  the  tube,  at  distances 
from  the  assay  varying  according  to  their  volatility.  In  this  roast- 
ing test  too  large  a  piece  should  not  be  taken,  nor  the  heat  allowed 
to  work  strongly  upon  it  too  soon,  otherwise  the  greater  part  of  the 
volatile  bodies  may  sublime  unchanged.  Should  a  fragment  yield 
no  distinct  reaction  the  substance  must  be  powdered. 

There  are  several  bodies  which  can  be  recognized  with  the  open 
tube,  even  in  very  compound  substances.  The  principal  ones  are 
the  following : 

a.  Sulphur. — On  treating  metallic  sulphides,  or  substances  con- 
taining such  sulphides  even  in  trifling  quantity,  sulphurous  acid  is 
found  which  can  be  recognized  by  its  odor,  or  by  reddening  blue 
litmus  paper  at  the  top  of  the  tube.  Sulphides  which  roast  with 
difficulty,  as  blende  and  molybdenite,  with  substances  containing 
little  sulphur,  must  be  powdered.  When  the  substance  contains 
metals  that  form  volatile  oxides  peculiar  sublimates  are  formed,  the 
characteristics  of  which  will  be  described  more  nearly  oelow. 

With  too  large  a  fragment  or  too  rapid  heating  sulphur,  sulphide  of  arsenic,  or 
sulphide  of  mercury,  may  sublime  from  the  corresponding  substances  tested,  because  air 
enough  is  not  present  to  oxidize  them. 
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/3.  Sele7iium. — Selenides  and  substances  containing  even  trifling 
quantities  of  selenium  yield  a  gaseous  oxide  with  the  odor  of  decay- 
ing horse-radish.  If  selenium  forms  an  essential  ingredient  it  forms 
a  sublimate  of  selenium,  steel-gray  near  the  assay  and  red  at  a  greater 
distance  ;  small,  very  volatile  crystals  of  selenous  acid  are  sometimes 
seen  still  further  from  the  assay. 

7.  Arsenic. — Metallic  arsenic  and  arsenides  which  contain  so  much 
arsenic  that,  after  the  formation  of  basic  arsenates  in  the  tube,  there 
remains  still  free  arsenic,  yield  a  crystalline  sublimate  of  arsenous 
acid,  very  volatile,  and  therefore  at  some  distance  from  the  assay.  It 
can  be  driven  off  by  simply  warming  it  in  the  tube.  When  there  is 
only  enough  to  form  basic  arsenates,  as  with  speisses  rich  in  cobalt 
and  nickel,  a  distinct  sublimate  is  not  always  obtained,  even  when 
the  substance  is  powdered. 

When  too  large  a  piece  of  metallic  arsenic  is  taken,  or  an  arsenide  containing  very 
much  arsenic,  too  high  a  heat  may  easily  form  a  bi»wnish-black  sublimate  of  sub-oxide 
of  arsenic,  or  even  metallic  arsenic,  and  then  the  garlic  odor  of  the  suboxide  becomes 
perceptible.  When  an  easily  decomposed  sulphide  is  present  a  high  heat  tends  to 
produce  a  sublimate  of  yellow  or  red  sulphide  of  arsenic. 

S.  Antimony.— MetaXlic  antimony,  antimonides,  sulphide  of  an- 
timony, and  compounds  of  metallic  sulphides  containing  sulphide 
of  antimony,  oxidize  and  yield  white  fumes,  consisting  at  first  of 
oxide  of  antimony,  but  changing  at  a  high  enough  temperature 
under  the  influence  of  the  air  for  the  most  part  into  a  combination 
of  oxide  of  antimony  and  antimonic  acid.  Pure  oxide  of  antimony 
is  volatile  and  passes  through  the  whole  length  of  the  tube  as  a 
white  vapor,  condensing  partly  on  the  upper  side  of  the  tube  and 
partly  escaping.  It  can  be  driven  off  by  heating  it  again  to  redness, 
but  a  part  is  very  liable  to  become  more  oxidized  and  remain  behind. 
The  combination  of  antimonic  acid  and  oxide  of  antimony  once 
formed  is  not  volatile  and  condenses  chiefly  on  the  lower  side  of  the 
tube  as  a  Avhite  powder,  yellowish  while  hot.  It  is  mostly  formed 
in  roasting  sulphide  of  antimony  and  its  compounds  with  some 
metallic  antimonides  containing  separate  constituents  which  are 
easily  oxidizable  and  evolve  considerable  heat  in  oxidizing.  In 
presence  of  sulphur,  sulphurous  acid  also  forms  and  can  be  detected 
as  usual.  If  the  substance  consists  of  oxide  of  antimony,  or  con- 
tains free  oxide,  a  portion  sublimes  unaltered,  while  part  is  oxidized 
more  highly  and  remains  behind.  When  sulphide  of  lead  as  well  as 
antimony  is  present,  as  in  bournonite,  a  sublimate  of  oxide  of  anti- 
mony with  antimonate  of  lead  forms,  the  latter  having  a  light  yellow 
color. 
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"When  sulphide  of  antimony,  or  compounds  containing  much  of  it,  are  verj  stronglj 
seated,  the  white  coat  is  likely  to  be  spotted  here  and  there  with  a  reddish  or  brownish 
sulphide,  which  condenses  in  combination  with  the  oxide,  ude  p.  62,  8. 

s.  Tdhiriuin  and  tellurides  form  tellurous  acid,  which  passes  as  a 
white  vapor  through  the  fube,  and  soon  condenses  for  the  most  part 
into  a  sublimate,  which  can  be  fused  into  colorless  drops  by  heating 
that  part  of  the  tube  with  the  blowpipe,  and  is  thus  distinguished 
from  that  produced  by  oxidizing  antimony. 

^.  Mercury. — Its  compounds  with  other  metals  give  a  sublimate 
of  metallic  mercury  consisting  of  small  globules,  which  almost 
adhere  together,  and  can  be  united  to  one  drop  by  striking  the  ■ 
tube  and  turning  it  slowly  on  its  axis.  Sulphide  of  mercury  is  by 
careful  heating  decomposed  into  sulphurous  acid  and  mercury,  the 
latter  forming  a  metallic  mirror  above  the  assay.  By  too  strong  a 
heat  part  of  the  sulphide  sublimes  unchanged  and  forms  a  black 
sublimate  close  to  the  assay,  which  can  be  decomposed  by  carefully 
warming  it.  Compounds  of  chlorine  and  mercury  are  very  volatile 
and  sublime  unaltered. 

Sulphide  of  lead  yields,  besides  sulphurous  acid,  a  white  sublimate  of  sulphate  of 
lead,  chiefly  on  the  under  side  of  the  tube,  which  when  strongly  heated  melts  to  yellow 
drops,  white  when  cold.  The  assay  is  surrounded  with  fused  oxide  of  lead,  containing 
sulphate,  which  is  yellow  when  hot  and  lighter  on  cooling.  Cldoride  of  lead,  and 
substances  cont.aining  it,  form  a  siiblimate  which  on  repeated  heating  can  only  be  juirtly 
volatilized,  with  the  chlorine  liberated  from  the  residue.  This  consists  of  oxichloride 
of  lead  and  fuses  like  tellurous  acid  to  drops,  which  are,  however,  yellow  when  hot  and 
pearl-gray  to  white  on  cooling.  Sulphide  of  bismuth  behaves  quite  like  sulphide  of 
lead.  Metallic bisymithides  yield  oxide  of  bismuth,  which  condenses  quite  near  the  assay, 
and  is  fusible  to  brown  or  dark-j-ellow  drops  very  different  from  tellurous  acid.  Sul- 
phide of  molyhdenum  roasts  with  difficulty,  yielding  sulphurous  acid,  and  when 
powdered  and  heated  strongly  for  some  time,  a  trifling  crystalline  sublimate  of 
molybdic  .acid. 

3.   EXAMIXATIOX    OF   THE    SUBSTANCE     BEFORE   THE     BLOWPIPE   ON 

CHARCOAL. 

"When  the  substance  is  solid  and  does  not  decrepitate,  a  small 
fragment  can  be  used,  otherwise  it  must  be  very  finely  pulverized. 
The  assay  is  placed  on  the  side  of  the  coal  which  shows  the  edges 
of  the  annual  rings  and  near  the  end  turned  toward  the  lamp,  a 
slight  cavity  being  made  to  receive  it.  A  gentle  0.  F.  is  directed 
upon  the  assay,  while  the  coal  is  held  Jiorizontal  and  in  the  direction 
vf  the  hloicjnpe  flame.  The  flame,  being  inclined  upon  the  assay  at 
an  angle  of  about  twenty  degrees,  is  continued  for  a  short  time  only, 
but  until  a  change  of  color,  glowing,  swelling,  fusion,  or  the  separa- 
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tion  of  some  volatile  substance  is  noticed,  or  in  general  any  alteration 
of  the  substance  likely  to  afford  a  clue  to  its  character.  At  the 
moment  when  the  blast  is  stopped  the  presence  of  any  volatile  acids, 
or  of  sulphur,  arsenic,  or  selenium,  is  tested  by  smelling. 

Since  a  trifling  quantity  of  arsenic  is  not  thus  so  easily  detected 
as  sulphur  or  selenium,  the  assay  is  also  treated  with  the  E.  F.  when 
the  arsenic  odor  frequently  becomes  very  distinct.  While  heating  the 
assay  various  other  phenomena  are  to  be  noticed ; — as  any  deflagration 
after  the  fusion,  which  occurs  in  case  of  nitrates,  chlorates,  bromates, 
and  iodates;  whether  the  coal  is  coated  with  volatilized  bodies,  far 
from  the  assay,  or  near  it;  what  color  the  coat  has  when  hot  and 
cold;  whether  it  can  be  volatilized  by  simply  warming  it  with  the 
flame,  or  by  contact  with  the  flame,  and  in  the  latter  case  whether 
it  colors  the  outer  flame  in  disappearing. 

An  earthy  substance,  after  being  ignited  thoroughly,  is  laid  on 
moistened  red  litmus  paper,  to  see  whether  it  has  an  alkaline 
reaction,  which  is  the  case  with  compounds  of  the  alkaline  earths 
with  carbonic,  sulphui'ic,  and  nitric  acids,  and  of  their  radicals  with 
chlorine,  bromine,  iodine,  and  fluorine. 

An  important  means  of  recognizing  various  substances  is  afl'orded 
by  the  coats  which  they  form  on  the  coal  at  greater  or  less  distances 
from  the  assay ;  but  the  ashes  must  not  be  mistaken  for  a  coat,  which 
they  sometimes  resemble.  This  can  be  guarded  against  by  treating 
the  coal  previously  with  the  0.  F.,  to  ascertain  nearly  the  quantity 
and  quality  of  the  ash. 

The  following  bodies  yield  characteristic  coats : 

a.  Selenium  melts  very  easily  and  yields  brown  fumes  in  the  0.  F. 
and  E.  F.,  while  a  steel-gray  coat  with  a  feeble  metallic  lustre  forms 
near  the  assay,  and  a  dark-gray,  dull  coat  at  a  greater  distance. 
This  coat  can  be  d»iven  about  quite  easily  with  the  0.  F.,  and  if 
treated  with  the  E.  F.,  disappears  with  a  fine  azure-blue  flame.  Dur- 
ing all  these  operations  a  strong  horse-radish  odor  results  from  the 
escaping  gaseous  and  colorless  oxide. 

(3.  Tellurmm  melts  very  easily,  volatilizes  in  fumes,  and  coats  the 
coal  in  the  0.  F.  and  E.  F.  with  tellurous  acid,  at  no  great  distance 
from  the  assay.  The  coat  is  white,  but  has  a  red  or  dark-yellow 
border,  and  can  be  driven  about  with  the  0.  F.,  while  it  disappears 
under  the  E.  F.  with  a  green,  or  in  presence  of  selenium,  a  bluish- 
green,  flame. 

y.  Arsenic  volatilizes  without  fusing,  and  coats  the  coal  with 
arsenous  acid  in  both  flames.  The  white  coat  appears  grayish  when 
thin,  partly  from  the  coal  showing  through  and  partly  from  a  mix- 
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hire  of  suboxide,  and  is  at  quite  a  distance  from  the  assay.  It  can  be 
immediately  driven  off  by  simply  warmijig  it  with  the  flame,  and  if 
rapidly  treated  with  the  R  F.,  colors  it  pale  light-blue.  During 
volatilization  arsenic  evolves  a  strong  alliaceous  odor  due  to  the 
formation  of  suboxide. 

5.  Anthnony  melts  very  easily,  coating  the  coal  with  oxide  in  both 
flames.  The  white  coat,  bluish  in  thin  layers,  is  not  so  distant  as 
with  arsenic.  It  can  be  driven  about  by  heating  it  gently  with  the 
0.  F.,  and  disappears  under  the  E.  F.,  tinging  it  pale  greenish.  It  is 
not  so  volatile  as  the  arsenous  acid  coat.  When  antimony  is  melted 
and  heated  to  redness  on  coal  and  the  blast  stopped,  it  remains 
melted  and  glowing  for  some  time,  evolving  dense,  white  fumes, 
which  condense  partly  on  the  coal  and  finally  surround  the  button 
with  white,  pearly  crystals.  This  results  from  the  oxidation  of  the 
metal  by  the  air,  forming  oxide  of  antimony  and  evolving  so  much 
heat  that  the  fusible  metal  is  kept  fluid,  until  covered  with  crystals 
of  oxide. 

i.  Thalliwn  melts  very  easily,  forming  at  some  distance  from  the 
assay  a  moderate  white  coat  of  oxide,  which  can  be  driven  off  by 
simple  warming,  and  tinges  the  E.  F.  gi'een.  The  melted  button, 
which  also  tinges  the  flame  strongly  gi'een  when  touched  by  it, 
remains,  after  setting  the  coal  aside  at  rest,  for  some  time  fluid  in 
consequence  of  continuing  oxidation,  and  occasionally  a  brown  coat 
is  observed  very  near  the  metal,  which  is  perhaps  peroxide. 

^.  Lead  melts  easily,  coating  the  coal  with  oxide  in  both  flames. 
When  warm,  this  is  dark  lemon-yellow,  when  cold,  sulphur-yellow 
and  bluish-white  in  thin  layers.  The  yellow  coat  is  pure  oxide  of 
lead,  and  the  bluish-white  one,  carbonate.  When  the  coal  is  heated 
to  glowing,  the  coat  changes  its  place,  because  the  oxide  is  reduced 
and  the  metal  immediately  volatilized  and  reoxidized.  The  flame  is 
thereby  colored  azure-blue. 

*).  Bismuth  fuses  very  easily,  giving  a  coat  of  oxide,  which  is  dark 
orange-yellow  when  hot  and  lemon-yellow  when  cold,  being  yellow- 
ish-white in  thin  layers.  The  yellow  coat  is  pure  oxi<le,  and  the 
yellowish-white  one,  which  is  at  the  greatest  distance,  is  carbonate 
with  some  oxide  of  bismuth.  It  can  be  driven  about  on  the  glowing 
coal  like  lead,  but  does  not  color  the  E.  F.  during  the  operation. 

6.  Cadmium  melts  very  easily  and  burns  in  the  0.  F.  with  a  dark- 
yellow  flame  and  brown  fumes,  coating  the  coal  with  oxide  rather 
near  the  assay.  Nearest  the  assay  the  coat  is  thick,  crystalline,  and 
of  a  very  dark,  almost  black  color,  farther  off  it  is  reddish-brown, 
and  finally  orange-yellow  in  tlxin  layers.     It  can  be  easily  reduced 
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and  drivci]  about  with  either  flame,  but  gives  no  coloration.  Beyond 
the  furthest  limits  of  the  coat  the  coal  sometimes  sliows  a  variegated 
tarnish. 

(.  Indium  fuses  easily,  yielding  a  coat  whicb  is  very  near  the  assay, 
dark-yeilow  while  Avarm,  but  yellowish-white  on  cooling,  and  is 
driven  off  with  dhSiculty  by  the  E.  F.,  to  w^hicli  it  imparts  a  fine 
violet  tinge. 

X.  Zinc  fuses  easily  and  bui-ns  in  the  0.  P.  with  a  strongly  lumin- 
ous, greenish-white  flame  and  thick  white  fumes,  which  coat  the 
coal  with  oxide.  The  coat  is  rather  near  the  assay,  yellow  while 
warm  and  white  when  cold.  It  becomes  luminous  under  the  0.  P., 
but  is  not  volatilized,  because  .the  glowing  coal  cannot  reduce  it.  It 
is  volatilized  only  slowly  even  by  the  K.  F. 

X.  I'ln  fuses  easily  and  in  the  0.  F.  is  covered  with  oxide^  which 
can  be  mechanically  blown  away ;  in  the  R  F.  the  metal  becomes 
lustrous  and  coats  the  coal  with  oxide,  which  is  pale  yellow  while 
wann  and  luminous  under  the  0.  F.  On  cooling  it  becomes  white. 
It  is  so  close  to  the  assay  that  it  borders  directly  upon  it  and  cannot 
be  volatilized  by  either  flame,  but  is  slowly  reduced  to  metallic  tin  in 
the  E.  F. 

/x.  MolijMenum,  in  the  powdered  state,  is  infusible,  but  heated 
with  the  outer  flame  gradually  oxidizes  and  coats  the  coal  at  a  little 
distance  with  molybdic  acid,  which  in  many  places,  and  particularly 
nearest  the  assay,  condenses  in  transparent  crystalline  scales,  but 
be3^ond  in  a  pulverulent  state.  While  hot  the  coat  is  yellowish,  but 
white  on  cooling.  On  touching  only  its  surface  with  the  yellow 
flame  a  very  fine  dark-blue  color  of  molybdate  of  molybdenum  is 
formed;  if,  however,  the  heat  was  so  great  as  to  cause  the  coal  to 
glow,  the  latter  when  cool  has  a  dark  copper-red,  metallic  appear- 
ance, from  binoxide  of  molybdenum,  which  has  been  reduced  from 
the  molybdic  acid  and  is  not  volatile.  In  the  E.  F.  metallic  molyb- 
denum is  unaltered. 

V.  Silver  fused  for  some  time  with  a  powerful  oxidizing  flame  gives 
a  slight  reddish-brown  coat  of  oxide.  In  combination  with  a  little 
lead  there  is  first  a  yellow  coat  of  oxide  of  lead;  but  afterward, 
when  the  silver  is  more  free  from  lead,  a  dark-red  coat  forms  outside 
of  the  first.  When  a  little  antimony  is  present  there  results  at  first 
a  white  coat  of  oxide  of  antimony,  which  becomes  red  on  continued 
blowing.  In  case  the  silver  contains  a  little  of  both  metals,  a  copi- 
ous crimson  coat  is  formed  after  most  of  the  lead  and  antimony  are 
volatilized.  This  coat  is  obtained  sometimes  in  testing  rich  silver 
ores  on  coal. 
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Many  substances  yield  coats  similar  to  those  above,  and  regard  must  be  had  to  these 
in  order  to  avoid  mistakes  and  confusion.  They  are :  certain  sulphides,  chlorides, 
bromides,  and  iodides,  which  yield  a  white  coat.  Sulphides  of  potassium  and  sodium, 
having  been  foi-med  in  the  R.  F.  from  the  sulphates,  volatilize  and  are  oxidized,  giving 
a  white  coat  of  neutral  sulphates,  which  does  not  form,  however,  until  all  of  the  sul- 
phate has  sunk  into  the  coal  and  been  reduced.  Sulphide  of  potassium  being  more 
volatile  than  sulphide  of  sodium,  forms  a  thicker  coat.  When  the  coat  is  touched  by 
the  flame  it  disappears  with  a  bluish-violet  color  in  case  of  potassa  and  a  reddish-yellow 
color  in  case  of  soda.  Suljihide  of  liiJiium  behaves  similarly  and  colors  the  flame 
purplish-red,  while  the  newly-discovcrcd  caesium  and  rubidium  sulphides  probably  show 
similar  reactions.  Sulphides  of  had  and  hit>nvith  give  two  coats,  one  more  volatile  and 
white,  consisting  of  sulphate,  and  one  nearer  the  assay,  consisting  of  oxide  of  the 
metal  in  hand,  which  ciui  be  known  by  its  color  both  while  hot  and  cold.  The  white 
lead  coat  disappears  with  a  blue  flame,  and  both  it  and  the  bismuth  coat  leave  a  spot  of 
yello^v  oxide  wliere  the  coal  was  made  to  glow.  Sulphides  of  untitnony,  zinc,  and  tin 
yield  only  oxides,  either  volatile  in  case  of  antimony,  or  fixed  in  case  of  zinc  and  tin. 

Many  chlorides  volatilize  and  yield  a  M'hite  coat.  With  chlondes  of  potassium, sodium, 
and  lithium  the  coat  is  not  formed  until  they  have  fused  and  sunk  into  the  coal. 
Chloride  of  potassium  gives  the  thickest  coat  and  lithium  the  feeblest,  which  is  also 
grayish-white  and  not  pure  white.  The  chlorides  of  ammonium,  mercury,  and  antimony, 
volatilize  without  fusing,  and  those  of  zinc,  lead,  bismuth,  and  tin,  first  fuse  and  then 
give  two  coats ;  one  of  the  chloride  of  the  metal,  white  and  more  volatile  ;  the  other  of 
the  oxide,  and  less  volatile.  Some  of  these  chlorides  color  the  R.  F.  :  that  of  potas- 
sium bluish-violet,  of  sodium  reddish-yellow,  of  lithium  purplish-red,  of  lead  blue;  the 
others  disappear  without  coloring  it.  Chloride  of  copper  also  fuses  and  colors  the  flame 
intense  azure-blue,  and  on  continued  blowing  part  of  the  assay  volatilizes  with  white 
fumes,  which  smell  strongly  of  chlorine,  while  another  part  forms  three  coats  diflering 
in  color;  that  nearest  the  assay  is  dark-gray,  the  next  is  dark-yellow  to  brown,  and  the 
furthest  is  bluish-white.  When  such  a  coat  is  touched  with  the  flame  it  partly  changes 
its  position  with  an  azure-blue  coloration.  Among  the  bromides  and  iodides,  which 
behave  quite  like  the  chlorides,  the  bromides  and  iodides  of  potassium  and  sodium  deserve 
especial  mention  here.  They  fuse,  sink  into  the  coal,  and  then  volatilize  with  white 
fumes,  which  partly  form  a  coat  rather  far  from  the  assay.  This  disappears  under  the 
R.  F.,  coloring  it  bluish-violet  in  case  of  potassium  and  reddish-yellow  in  case  of 
sodium. 


4.   EXAMI^fATIOI^   OF   THE    SUBSTAXCES   AS   TO   FUSIBILITY  AND   THE 
COLOIl   WHICH   THEY   IMPAET   TO   THE   OUTER    FLAME. 

a.  Testing  the  fusihiUty  of  substances. 

Metals,  metallic  compounds,  snlpliides,  or  other  substances  which 
appear  to  contain  ingredients  that  would  attack  platinum,  are  heated 
on  charcoal  with  the  E.  F.  or  Avithin  the  blue  ilame.  A  small  piece 
is  used  for  the  assay.  Most  of  the  metals  can  be  fused  in  this  way, 
but  they  generally  oxidize  more  or  less  and  gradually  volatilize ; 
among  the  noble  metals,  gold  and  silver  form  an  exception,  although 
Bilver  is  not  altogether  fixed,  p.  08.    The  other  noble  metals  \f)latinum 
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iridium,  palladium,  rhodium  and  osmium,  are  infusible  on  coal, 
whether  in  powder,  beads,  or  scales.  Osmium  is  oxidized  to  osmic 
acid,  however,  in  the  0.  F.,  and  yolatilizes  as  such;  while  platinum, 
in  very  fine  wire,  or  in  very  thin  and  pointed  strips,  can  be  melted 
with  a  good  0.  F.,  as  stated  on  p.  14. 

Among  the  other  metals,  the  oxides  of  which  can  be  reduced  in 
the  K.  F.,  especially  by  adding  soda  or  neutral  oxalate  of  potassa, 
tungsten,  nickel,  cobalt,  iron,  and  molybdenum  are  likewise  infusible 
on  coal ;  the  latter  is  gradually  converted  into  molybdic  acid  in  a 
pure  0.  F.,  p.  68.  Nickel  and  cobalt  can,  however,  when  in  very  thin, 
pointed  strips,  be  fused  to  malleable  buttons  with  the  tip  of  the  blue 
flame ;  fine  iron  wire  likewise  melts,  but  gives  a  brittle  button  of 
magnetic  oxide. 

The  compounds  of  metals  with  arsenic  are  generally  fusible,  even 
in  case  of  infusible  metals.  So  are  the  metallic  sulphides,  but  several 
of  them  are  gradually  volatilized,  evolving  sulphurous  acid  and 
coating  the  coal,  p.  69.  Among  the  natural  sulphides,  those  of  man- 
ganese, molybdenum,  and  zinc  are  infusible. 

The  fusibility  of  the  metallic  oxides  must  be  tested  with  a  pure 
0.  F.  Only  a  few  of  them  are  fusible,  including  the  following :  oxide 
of  copper ;  oxide  of  antimony,  which  volatilizes  after  fusion ;  oxides 
of  bismuth  and  lead,  both  of  which  are  reduced  to  metal  by  the 
glowing  coal  after  fusion. 

When  the  substance  is  earthy,  or  a,  silicate,  or  in  general  such  as 
will  not  attack  platinum,  and  is  also  in  a  firm  state,  a  thin  splinter, 
or  small  piece  having  a  point  or  sharp  edge,  is  held  in  the  platinum 
forceps  with  the  edge  in  the  hottest  part  of  a  pure  0.  F.  If,  however, 
the  substance  has  decrepitated  when  tested  in  the  matrass,  a  suitable 
fragment  of  the  heated  substance  is  selected.  For  substances  which 
crumble  to  powder  or  cannot  be  divided  into  sharp  fragments, 
the  method  proposed  by  Berzelius  for  minerals  that  fuse  with  great 
difficulty  is  employed.  The  substance  is  rubbed  fine  with  a  little 
water  in  the  agate  mortar,  the  thin  paste  laid  on  coal,  dried,  and 
heated  B.  B.,  quite  strongly  toward  the  end,  until  the  mass  lies 
loosely  on  the  charcoal  as  a  thin  coherent  plate,  which  can  be 
held  with  the  platinum  forceps  in  the  0.  F.  Substances  already  in  a 
powdered  state  can  be  similarly  treated. 

By  heating  the  edge  or  point  of  the  assay  in  a  pure,  sufficiently 
strong  0.  F.,  so  that  there  is  a  slight  interval  between  the  tip  of  the 
blue  fiame  and  the  assay,  it  will  soon  be  seen  whether  the  substance 
is  fusible  or  not.  Infusible  substances  retain  their  sharp  edges 
unaltered,  which  can  only  be  ascertained  by  using  the  magnifier ; 
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.hose  of  difficult  fusibility  are  rounded  on  the  edge,  while  the  easily 
fusible  ones  melt  to  a  bead. 

Substances  may  be  divided  according  to  their  fusibility  into  : 

1.  Such  as  fuse  to  a  bead  ;   a,  easily;  I,  with  dilficulty. 

2.  Such  as  fuse  only  on  the  edge  ;  a,  easily ;  J,  Avith  difiiculty. 

3.  Such  as  are  infusible. 

Von  Kobell  has  arranged  a  scale  by  which  the  fusibility  of  the  substance  may  be 
compared  with  that  of  certain  minerals  of  known  fusibility,  and  thus  more  exactly 
determined  : 

1.  Stibnite,  fusible  in  the  flame  cf  a  candle  in  coarse  splinters ; 

2.  Katrolite,  fusible  in  the  candle  flame  only  in  fine  splinters,  easily  fused  before  the 
blowpipe  in  quite  coarse  fragments  ; 

3.  Almandite  or  iron  ahnmna  garnet,  infusible  in  the  candle  flame,  quite  fusible 
befoi'e  the  blowpipe  in  coarse  fragments. 

4.  Aciinolite,  fusibility  notably  less  than  almandite  and  greater  than  orthoclase, 
fusible  in  coarse  splinters  ; 

5.  OrVwcldse,  fusible  in  fine  splinters  ; 

6.  Bronzite,  only  rounded  on  the  edges  in  very  fine  splinters. 

Splinters  of  the  above  minerals,  varying  in  fineness,  may  be  kept  on  hand  for  com- 
parison ;  tlie  various  gradations  of  fusibility  are  expressed  by  decimals,  thus  :  fusibility 
2.7-2.8  denotes  that  the  mineral  is  somewhat  more  fusible  than  almandite. 

Some  minerals  infusible  in  the  0.  F.  can  be  fused  on  the  edges  in  the  R.  F.,  or  even 
in  the  tip  of  the  blue  flame.  Thus,  hematite  loses  some  of  its  oxygen  in  the  E.  F.  and 
is  tlien  fusible  on  the  edges  ;  magnetite  becomes  more  highly  oxidized  and  is  infusible 
in  the  0.  F.,  while  it  can  be  fused  in  the  R.  F. ;  siderite  when  ignited  in  the  matrass 
is  converted  into  proto-sesquioxide  of  iron,  at  the  expense  of  the  carbonic  acid  driven 
oft',  and  then  behaves  like  magnetite;  chwmite,  titanic  iron,  franklinite,  and  the 
silicates  of  protoxide  of  iron  also  act  similarly.  Substances  containing  oxides  must 
therefore  always  be  tested  at  first  with  a  pure  0.  F.,  and  the  R.  F.  only  used  when  they 
appear  infusible,  so  as  to  ascertain  whether  any  difference  is  to  be  perceived. 

Many  minerals  when  strongly  heated  alter  in  form  and  color  without  fusing ;  some 
swell,  like  borax;  others  give  cauliflower-like  ramifications,  part  of  them  fusing  after 
swelling  up,  while  others  remain  puffed  up  without  fusing.  Some  minerals  fuse  and 
froth  up,  giving  a  blebby  glass  filled  with  bubbles,  which  cause  it  to  appear  opaque, 
even  when  the  glass  is  really  transpai-ent.  This  intumescence  and  bubbling  generally  do 
not  appear  until  the  temperature  is  sufficient  to  expel  all  the  water.  The  cauliflower- 
like excrescences  seem  to  result  from  a  change  in  the  manner  of  combination  of  the 
constituents,  and  in  their  relative  position,  brought  about  by  the  heat ;  while  the 
tumefaction  and  bubbling,  which  occur  in  an  already  fused  mass,  are  apparently  pro- 
duced by  the  evolution  of  some  volatile  ingredient  in  a  gaseous  state,  although  it  does 
frequently  appear  in  compounds  where  analysis  fails  to  indicate  the  presence  of  any 
juch  body.    It  occurs  particularly  in  the  silicates  of  lime  or  an  alkali  with  alumina. 
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i8.  Examination  of  the  suhstance  as  to  the  color  it  imparts  to  the 
exterior  of  the  hloivpipe  flame. 

There  are  many  bodies  Avhich  color  the  outer  flame  more  or  less 
when  heated  with  the  tip  of  the  bhie  flame.  When  the  color  is 
distinct  and  sharply  defined  it  serves  frequently  as  a  characteristic 
means  of  immediately  recognizing  the  constituents  of  the  substance. 
.This  test  may  frequently  be  combined  with  that  for  the  fusibility, 
because  it  is  generally  made  with  small  splinters  of  hard  minerals, 
held  in  the  platinum  forceps,  or  in  case  of  powdered  or  decrepitating 
substances,  with  a  crust  prepared  with  water,  as  directed  on  p.  70. 

The  splinter,  or  crust,  being  first  tested  in  the  platinum  forceps 
with  regard  to  its  fusibility,  its  sharp  point  or  edge  is  then  brought 
into  direct  contact  with  the  tip  of  the  blue  flame,  so  as  to  see 
whether  the  exterior  pale-blnish  flame  is  colored.  "With  *many 
substances  the  slightly  luminous  envelope  of  the  blue  flame  streams 
past  the  assay  without  change  of  color,  but  with  many.other  substan- 
ces the  outer  flame  is  first  somewhat  enlarged,  in  consequence  of  a 
trifling  amount  of  water  or  carbonic  acid,  and  frequently  colored  a 
feeble  reddish-yellow,  but  this  tinge  disappears  afterward,  giving 
place  to  a  very  different  one,  which  is  produced  by  volatilizing 
constituents.  There  are  also  substances  which  produce  the  color 
immediately,  and  if  the  assay  fuses  with  difficulty,  or  not  at  all,  the 
color  frequently  becomes  more  intense  after  continuing  the  blast 
longer.  When  the  assay  was  fused  to  a  bead  in  testing  its  fusibility 
and  no  longer  produces  a  distinct  color,  a  fresh  piece  should  be 
used,  because  a  fused  bead  does  not  produce  so  intense  a  color  as  a 
fusing  point  or  edge. 

Many  substances  produce  no  color,  or  only  an  indistinct  one, 
although  containing  a  constituent  which  has  the  quality  of  coloring 
the  flame  when  free ;  as  substances  containing  phosphoric  acid,  boracic 
acid,  or  lithia,  in  small  quantity.  The  finely-powdered  substance  is 
then  treated  on  platinum  wire,  with  special  fluxes,  or  after  being 
moistened  with  sulphuric  acid. 

Easily  fusible  substances  are  tested  on  platinum  wire,  but  it  is 
always  well  to  take  only  a  small  quantity,  which  can  then  be  heated 
strongly,  and  will  produce  a  more  intense  color  than  a  larger  amount. 
To  fix  the  substance  on  the  Avire  this  is  heated  and  brought  into 
contact  with  the  substance,  or  first  moistened  with  distilled  water  if 
the  substance  will  not  adhere  to  the  glowing  wire.  Hydrous  salts 
adhere  very  easily  to  the  hot  wire,  but  anhydrous  ones  only  with  diffi- 
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culty,  if  at  all.  Metals  aud  their  combinations,  sulphides  of  the  metals 
and  easily  reducible  oxides  in  the  powdered  state,  must  be  treated  on 
charcoal.  If  they  are  massive  a  fragment  the  size  of  a  hemp-seed  ia 
used,  and  if  in  powder,  a  quantity  which  would  not  be  larger  when 
melted.  In  either  case  the  assay  is  laid  in  a  quite  shallow  cavity  on 
the  long  side  of  the  coal,  and  the  blue  flame  is  directed  immediately 
upon  it,  when,  if  the  substance  possesses  the  quality  of  coloring  the 
flame,  the  assay  will  be  surrounded  with  a  distinct  and  more  or  less 
intensely  colored  flame.  If  the  substance  forms  a  coat  on  the  coal" 
this  can  likewise  be  treated  with  the  blue  flame,  but  it  is  better  then 
to  employ  a  more  spreading  E.  F.,  so  as  to  observe  distinctly  the  color 
which  the  coat  j^roduces  in  disappearing. 

All  experiments  on  the  color  of  the  flame,  in  whatever  way  con- 
ducted, succeed  better  either  in  a  darkened  room,  or,  if  in  a  light 
room,  when  the  operator  places  himself  l:)efore  the  lamp,  so  that  the 
daylight  may  not  fall  directly  upon  the  flame,  since  in  this  way  only 
can  the  exterior,  feebly  colored  envelope  of  the  blue  flame  be  most " 
plainly  seen.     (A  black  back-ground  is  best. — Transl.) 

Too  much  care  cannot  be  exercised  in  these  experiments,  to  avoid  an  impnre  flame 
caused  by  soda,  since  even  the  minutest  amount  of  a  soda  salt  renders  the  experiment 
useless,  because  soda  colors  more  intensely  than  any  other  body.  The  assav  must 
therefore  be  handled  as  little  as  jjossible  with  the  fingers,  and  if  pulverized  in  the  mortar 
■with  water,  care  must  be  taken  to  cleanse  this  from  any  borax  or  soda  by  washing.  The 
-  platinum  wire  should  also  be  pure  and  impart  no  color  to  the  flame  when  tried  by 
heating  it  in  the  point  of  the  blue  flame.  Should  it  show  a  reddish-yellow  color,  which 
may  be  caused  by  chloride  of  sodium  from  the  moist  fingers,  this  will  disappear  after 
continuing  the  blast  some  time ;  but  if  a  very  trifling  quantity  of  some  previously 
tested  substance  containing  soda  still  adheres  to  it,  the  intense  reddish-yellow  flame  will 
be  permanent  and  the  wire  must  be  cleatised,  either  by  M'arming  it  with  hvdrochloric 
acid  in  a  test  tube  and  then  washing  it  with  water,  or  by  fusing  a  little  bisulphate  of 
potassa  on  it  and  then  shaking  this  ofl". 

Tlie  colors  imparted  to  the  outer  flame,  hy  heating  various  bodies 
with  the  blue  flame,  are  yeJloio,  violet,  red,  green,  and  blue. 

1.  Yelloiv. — All  soda  salts  fused  in  contact  with  tlie  point  of  the 
blue  flame  color  the  outer  flame  intense  reddish-vellow.  A  lara:e 
admixture  of  other  salts,  the  bases  of  which  color  the  flame  less 
intensely  than  soda,  does  not  conceal  this  reaction.  Small  siDlinters 
of  silicates  containing  soda,  strongly  heated  or  fused  in  the  forceps, 
color  the  flame  more  or  less  strongly,  according  to  the  proportion  of 
soda  in  them. 

2.  F/o?f;'.— Potassa  and  most  of  its  salts,  with  the  exception  of 
borate  and  phosphate,  as  well  as  salts  of  rubidium  and  caesium  and 
the  compounds  of  indium,  tinge  the  outer  flame  with  a  bluish-violet 
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color.  The  three  latter  elements  being  exceedingly  rare  and  occur- 
ring in  very  minute  quantities,  the  most  important  color  is  that  pro- 
duced by  potassa.  Even  the  minutest  mixture  of  a  soda  salt  alters 
this  reaction,  so  that,  although  a  feeble  violet  color  can  be  seen  quite 
distinctly  near  the  assay,  the  intense  soda  flame  is  apparent  at  a  greater 
distance.  If  the  amount  of  the  soda  salt  rises  to  several  per  cent., 
the  potassa  reaction  is  entirely  concealed,  and  in  such  cases  the 
colored  flame  is  viewed  through  blue  cobalt  glass,  or  a  solution  of 
"  indigo,  to  recognize  the  potassa  flame,  as  will  be  more  particularly 
described  under  potassa,  p.  124.  The  potassa  reaction  is  likewise 
concealed  by  lithium,  unless  present  in  very  small  quantities.  Silicates 
containing  considerable  potassa  only  produce  the  violet  flame  when 
perfectly  free  from  soda  and  lithia  and  rather  easily  fusible  on  the 
edges. 

3.  Red. — There  are  three  bodies  which  produce  a  red  flame:  lithia, 
strontia,  and  lime. 

a.  Lithia  and  its  salts  produce  a  carmine-red  flame,  the  chloride 
coloring  most  intensely.  Notable  admixtures  of  potassa  salts  do  not 
prevent  the  reaction,  but  produce  at  most  only  a  violet  shade ;  quite 
small  quantities  of  soda  salts,  however,  suffice  to  change  it  to  a  yel- 
lowish-red flame.  With  a  considerable  mixture  of  a  soda  salt  the 
flame  becomes  only  intense  reddish-yellow  and  cannot  be  distinguished 
from  a  pure  soda  flame.  The  means  of  distinctly  recognizing  lithia 
in  such  cases  are  given  under  the  lithia,  p.  133.  Many  of  the  litliia 
minerals  show  the  presence  of  lithia  more  or  less  distinctly,  as  lepi- 
dolite,  spodumene,  and  petalite.  Triphylite  (phosphate  of  lithia,  iron, 
and  manganese)  fused  in  powder  on  platinum  wire,  produces  in  the 
outer  flame  a  red  streak  of  lithia,  surrounded  by  a  green  envelope, 
which  results  from  the  phosphoric  acid.  The  reaction  cannot  be 
readily  observed  in  the  forceps,  because  triphylite  fuses  easily.  Vide 
also  silicates,  under  lithia,  p.  135. 

^.  Strontia. — Chloride  of  strontium  produces  immediately  a  crimson 
flame.  Many  strontia  salts,  as  the  carbonate,  strontianite,  and  sul- 
phate, celestite,  when  heated  in  the  forceps,  color  the  flame  at  first 
pale-yellowish,  but  afterward  crimson,  pp.  141,  and  142.  In  presence 
of  considerable  baryta  the  strontia  flame  may  be  entirely  concealed 
by  the  green  baryta  flame, 

y.  Lime. — Chloride  of  calcium  produces  a  red  flame,  less  intense 
than  chloride  of  strontium  and  mixed  with  yellow,  Fluorite  fnses 
at  first  and  colors  the  flame  yellowish,  but  as  the  fused  mineral  is 
altered  to  basic  fluoride  of  calcium  and  becomes  less  fusible,  the 
flame  changes  to  an  intense  yellowish-red  lime  flame.     Most  pure 
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calcites  and  compact  lime-stones  yield  a  pale-yellowish  flame  at  first, 
but  as  the  carbonic  acid  is  expelled  a  red  flame  appears,  which  is, 
however,  less  intense  than  with  the  two  salts  above  named.  The 
presence  of  baryta  .prevents  the  reaction.  Gypsum  and  anhydrite 
produce  at  first  only  a  feeble  yellowish  flame,  but  afterward  a  slight 
red  flame.  Among  tlie  silicates  ivollastonite  alone  produces  a  feeble 
red  lime  flame. 

4.  Green. — Several  bodies  produce  a  green  flame,  viz.,  oxide  of 
copper,  thallium,  horacic  acid,  tellurous  acid,  baryta,  molyldic,  and 
pJwsphoric  acids. 

a.  Oxide  of  copper,  both  alone  and  in  combination  with  acids 
which  themselves  produce  no  coloration,  gives  an  emerald-green 
flame,  viz.,  carbonate  and  nitrate  of  copper.  Silicates  and  other 
compounds  containing  oxide  of  copper  also  generally  produce  a  very 
intense  green,  as  dioptase,  chrysocolla,  and  the  same  is  obtained  when 
copper  forms  an  unessential  ingredient,  as  in  turquois  and  many 
specimens  of  smith sonite.  Combinations  of  copper  and  iodine  also 
cause  a  very  intense  green  flame,  and  metallic  coi^per  melted  on  coal 
and  not  entirely  protected  from  the  air  is  oxidized  and  yields  an 
emerald-green  flame. 

f3.  TludUum. — When  melted  on  coal  and  touched  with  the  tip  of 
the  blue  flame  this  metal  is  surrounded  by  a  green  flame,  p.  67. 
Its  salts  give  an  intense  green  flame. 

7.  Boracic  acid. — Both  the  native  and  artificial  acid  produce  a 
yellowish-green  fiame,  but  ..if  not  quite  free  from  soda,  the  green 
flame  is  mixed  with  more  or  less  yellow.  Several  of  the  minerals 
containing  boracic  acid,  as  datolite,  boracite,  produce  a  distinctly 
yellowish-green  flame,  while  others  must  first  be  finely  pulverized 
and  treated  on  platinum  wire  with  sulphuric  acid.  Borax  produces 
a  yellow  flame,  on  account  of  its  soda,  but  if  melted,  pulverized, 
moistened  with  sulphuric  acid,  and  heated,  an  intensely  green  flame 
is  produced  for  a  short  time,  which  changes  to  yellow  again  as 
soon  as  the  salt  is  decomposed  or  all  the  free  sulphuric  acid  gone. 
Another  and  very  sure  means  of  detecting  boracic  acid  in  minerals, 
by  its  green  flame,  has  been  proposed  by  Turner,  and  will  be  spe- 
cially described  under  boracic  acid,  p.  361. 

5.  Tellurous  acid  fuses,  fumes,  and  colors  the  flame  green.     The 
k'lkirous  acid  deposited  on  coal  during  the  treatment  of  a  tellurium 
ore  disappears  with  a  green  color,  or  in  presence  of  selenium  a  bluish 
green  color,  p.  66,  if  treated  with  the  blue  flame. 

e.  Barijta. — Chloride  of  barium  yields  at  first  a  pale-green  flame, 
which   afterward   becomes   intense   yellowish-green.      The   color  is 
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finest  when  very  little  of  the  salt  is  employed.  Carbonate  of  baryta, 
ivitherite,  and  sulphate  of  baryta,  barife,  also  color  the  flame  yellow- 
ish-green, but  less  intensely.  The  reaction  is  not  prevented  by  the 
presence  of  lime,  as  is  shown  by  the  mineral  harytoccdcite,  p.  139. 

^.  Molijhdic  acid,  or  binoxide  of  molybdenum,  gives  a  yellowish- 
green  flame,  in  which  the  yellow  predominates  more  than  in  the 
baryta  flame;  molybdic  acid  volatilizes  meanwhile.  When  the  edge 
of  a  thin  scale  of  molyhdenite.  is  held  in  the  flame,  it  at  once  pro- 
duces a  yellowish -green  molybdic  acid  flame,  without  fusing. 

r\.  Pliosplioric  acid. — Fuchs  and  Erdmann  have  shown  that  phos- 
phoric acid,  phosphates,  and  minerals  containing  phosphoric  acid, 
give  a  bluish-green  flame;  some  of  themselves,  others  only  after 
being  moistened  with  sulphuric  acid.  This  reaction  is  so  sure,  that 
with  proper  care,  even  very  small  quantities  of  phosphoric  acid  can 
be  detected  in  minerals,  when  they  are  finely  pulverized,  moistened 
with  sulphuric  acid,  and  treated  in  the  loop  of  a  platinum  wire. 
The  same  is  true  of  salts  which  alone  give  no  j)hosphoric  acid  reac- 
tion, in  consequence  of  soda  or  some  other  intensely  coloring  ingre- 
dient. If  these  salts  contain  water,  it  must  first  be  expelled  by 
ignition  or  fusion  on  coal,  and  when  soda  is  present,  although  the 
flame  is  quite  distinctly  bluish-green  so  long  as  the  phosphoric  acid  is 
liberated  by  the  sulphuric  acid,  yet  afterward  an  intense  soda  flame 
succeeds.  As  the  bluish-green  flame  lasts  but  a  short  time,  the  assay 
must  be  closely  watched  as  soon  as  it  is  brought  near  the  blue  flame. 
Pyromorphife.  owing  to  the  oxide  of  lead  present,  gives  a  blue  flame, 
the  tip  of  which  has  a  persistent  green  color. 

Ammonia  and  nitric  acid,  especiall}'  when  combined,  volatilize  with  a  bluish-irreen 
flame,  which  is  quite  similar  to  that  of  phosphoric  acid,  although  feeble ;  so  do  chloride 
of  ammonium,  etc. 

5.  Blue. — A  blue  flame  is  produced  by  selenium,  arsenic,  lead, 
chloride  and  bromide  of  cojjper,  and  antimotiy. 

a.  Selcniiim  fused  within  the  blue  flame  on  coal  volatilizes  with  an 
intense  a'zure-blue  flame.  The  coat  formed  by  it  shows  the  same 
reaction,  p.  66. 

fS.  Arsenic. — Metallic  arsenic  and  arsenides  of  the  metals  which 
produce  no  coloration  themselves,  viz.,  niccolite,  smaltite,  etc.,  are 
surrounded  with  a  blue  flame  when  heated  on  coal.  A  very  volatile 
coat  of  arsenous  acid  is  also  formed,  which,  if  quickly  touched  with 
the  blue  flame,  likewise  disappears  with  a  very  distinct  light-blue 
color,  p.  66.  Arsenates  of  bases  Avhich  themselves  do  not  color  the 
flame,  viz.,  aUnaheryite,  erythrile,  pitticite,  etc.,  heated  in  the  forceps, 
give  an  intense  light-blue  flame,  which  is  also  frequently  produced 
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even  when  the  base  also  causes  a  colored  flame,  as  with  arsenate  of 
lime,  fliarmacoUte. 

y.  Lead. — Melted  on  coal  metallic  lead  is  surrounded  by  an  azure- 
blue  flame  and  yields  a  coat  of  oxide,  which  if  driven  about  gives  an 
azure-blue  flame  also,  p.  67.  Most  lead  salts  treated  on  platinum 
wire,  or  in  the  forceps,  give  an  intense  azure-blue  flame. 

(J.  Chloride  and  bromide  of  copper. — The  native  and  artificial  chlo- 
rides strongly  heated  color  the  flame  intense  azure-blae,  but  after- 
ward green  from  oxide  of  cojoper.  Cupriferous  substances,  as  metal- 
lic oxides  and  slags,  when  finely  pulverized  and  moistened  with 
hydrochloric  acid,  color  the  flame  azure-blue  for  a  short  time.  Bro- 
mide of  copper  similarly  treated  gives  at  first  a  greenish-blue  flame, 
but  afterward  the  green  oxide  of  copper  flame. 

£.  Antimony  melted  on  coal  is  surrounded  by  a  scarcely  perceptible 

greenish-blue  flame;   if  the  resulting  coat  of  oxide  is  treated  with 

the  blue  flame  it  disappears,  imparting  to  it  a  greenish-blue  color, 

p.  07. 

b.   Examination  of  Substances  with  Reagents. 

Eeagents  are  used  in  testing  substances  which  without  them  yield 
no  certain  indications  of  their  composition,  and  the  reagents  best 
suited  for  this  purpose  are  borax,  salt  of  pliosphorus,  soda,  and  solu- 
tion of  nitrate  of  cobalt. 

Substances  which  the  preceding  tests  have  shown  to  be  free  from 
combustible  bodies,  can  be  at  once  treated  with  the  above  reagents; 
sulphides  and  arsenides  of  the  metals,  and  oxides  mixed  witht,hem, 
must  be  prepared  in  most  cases  by  removing  the  sulphur  and  most 
of  the  arsenic,  and  by  thoroughly  oxidizing  the  metals.  This  is 
done  by 

Roasting  the  Substance  on  charcoal. 

Thirty  to  fifty  milligr,,  more  or  less,  as  required,  of  the  very  finely 
pulverized  substance  is  pressed  down  with  the  spatula  or  knife-blade 
into  a  thin  layer,  in  a  quite  shallow  cavity  scraped  on  the  coal,  and 
is  treated  at  first  with  a  feeble  0.  F.,  so  that  the  assay  is  touched 
only  by  the  tip  of  the  outer  flame  and  heated  to  low  redness.  Most 
of  the  sulphur  then  volatilizes  as  sulphurous  acid,  the  metals  are 
oxidized,  and,  since  sulphurous  acid  has  a  tendency  to  change  into 
sulphuric  acid  at  the  expense  of  already  formed  or  forming  metallic 
oxides,  these  are  converted  partly  into  sulphates,  and  also,  in  presence 
of  arsenic,  into  arsenates.  As  soon  as  the  fumes  of  sulphurous  acid 
can  no  longer  be  smelled,  a  feeble  E.  F.  is  employed,  which  reduces 
the  sulphates  and  arsenates  for  the  most  part,  while  the  arsenic  is 
more  or  less  completely  volatilized,  according  to  the  ease  or  difficulty 
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vith  which  the  arsenides  yield  up  their  arsenic.  When  the  arsenical 
odor  ceases  the  assay  is  once  more  ignited  with  a  feeble  0.  F.,  gener- 
ally causing  a  slight  odor  of  snlphnrous  acid,  and  then  the  assay, 
which  should  only  be  baked  together,  but  not  sintered,  and  much 
less  fused,  is  turned  with  the  spatula  and  the  other  side  treated 
alternately  with  the  0.  F.  and  E.  F.  After  roasting  this  side  the 
coherent  mass  is  powdered  in  the  agate  mortar,  and  since  it  is  not 
free  fi-om  disseminated  sulphates  and  arsenates,  or  may  even,  if  not 
carefully  enough  roasted,  still  contain  a  trifling  amount  of  sulphides 
and  arsenides,  it  is  replaced  on  the  coal  and  again  roasted  on  both 
sides.  Sulphur  is  frequently  more  easy  to  expel  than  arsenic,  but 
there  are  metallic  sulphides  which  can  be  converted  for  the  most 
part  only  into  sulphates,  as  sulphide  of  lead;  it  is  also  not  very  easy 
to  convert  sulphide  of  copper  into  oxide  quite  free  from  sulphate,  by 
roasting,  although  continued  heating  alters  the  sulphate  into  toler- 
ably pure  oxide.  By  mixing  the  roasted  assay  in  the  mortar  with  an 
equal  volume  of  carbonate  of  ammonia  and  again  feebly  igniting 
the  mixture  on  coal  in  the  0.  F.,  sulphate  of  ammonia  volatilizes 
and  leaves  the  oxide  of  copper  free  from  sulphuric  acid.  Arsenic 
often  remains  obstinately  combined  as  acid  with  certain  oxides, 
especially  protoxides  of  nickel  and  cobalt.  Antimony  volatilizes 
partly  at  the  outset  as  oxide,  while  the  remainder  is  converted  into  a 
fixed  combination  of  oxide  of  antimony  and  antimonic  acid.  If  the 
substance  contains  much  sulphide  of  antimony,  lead,  or  any  other 
easily  fusible  sulphide,  and  is  liable  to  sinter,  as  Avith  tetrahedrite, 
bournonite,  etc.,  it  is  well  first  to  expel  the  volatile  sulphides  by 
fusion  on  coal,  recognizing  them  by  the  coats  formed,  and  to  roast 
only  the  residue,  after  again  pulverizing  it.  To  avoid  the  escape  of 
arsenical  fumes,  substances  containing  much  arsenic  may  first  be 
ignited  in  an  open  glass  tube,  when  the  greater  part  of  it  sublimes 
as  arsenous  acid'  and  some. of  the  sulphur  volatilizes  as  sulphurous 
acid,  after  which  the  assay  is  roasted  on  coal. 

A  well  roasted  assay  must  give  no  odor  of  arsenic  or  sulphurous 
acid  while  glowing,  must  have  a  dull  appearance,  and  must  admit  of 
being  easily  crushed  to  a  very  fine  powder;  otherwise  it  must  be 
pulverized  and  further  roasted.  ' 

When  treating  selenides,  tellurides,  or  antimonides  containing  little  or  no  sulphur, 
and  which  have  been  recognized  as  such  by  the  preceding  tests,  it  is  seldom  necessary 
to  roast  them,  because  in  most  cases  the  selenium  and  volatile  metals  are  volatilized  by 
fusing  them  alone  on  coal  for  some  time,  and  the  fixed  metals  can  then  be  very  easily 
recognized  by  fusion  with  fluxes  in  the  0.  F.  Telluride  of  silver  forms  an  exception, 
inasmuch  as  it  yields  only  a  part  of  its  tellurium,  and  a  silver  button  free  from  tel- 
larium  cannot  be  obtained  in  either  flame. 
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1.  ExAMi]srATio]sr  of  Substances  avith  Borax. 

This  test  is  made  either  on  phitinnm  wire  or  on  coal.  Eartlis  and 
metallic  oxides  are  generally  treated  first  on  wire  in  the  0.  F.,  and 
then  in  the  E.  F.,  on  wire  or  on  coal ;  roasted  sulphides  and  arsenides 
apparently  free  from  arsenate  of  cobalt  and  nickel  are  likewise  so 
treated ;  but  substances  containing  much  of  those  arsenates  are 
treated  at  once  on  coal.  The  part  which  the  borax  plays  as  reagent 
has  been  explained  on  p.  4.f>. 

The  testing  of  substances  with  borax  on  jjlatinum  wire  is  per- 
formed as  follows  :  The  heated  loop  is  dipped  in  borax,  and  the  ad- 
hering salt  melted  to  a  glass  in  the  0.  F.,  repeating  the  operation 
until  the  bead  corresponds  to  the  size  of  the  loop.  The  bead  must 
be  quite  colorless,  both  when  hot  and  cold ;  if  otherwise,  it  must  be 
removed  by  heating  it  strongly,  and  then  shaking  it  off  into  a  small 
porcelain  vessel,  by  striking  the  hand  holding  it  smartly  upon  the 
table.  The  success  of  the  operation  depends  upon  the  rapidity  of  the 
manipulation  and  the  firmness  Avith  which  the  wire  is  held  in  the 
hand. 

The  substance  may  then  be  attached  to  the  cold,  moistened  borax 
bead,  or  at  once  caused  to  adhere  to  it  while  melted,  and  is  in  either 
case  fused  with  it  in  the  0.  F.  It  must  now  be  observed  whether 
the  body  dissolves  with  ease  or  difficulty,  with  or  without  efferves- 
cence, whether  the  bead  with  the  dissolved  substance  is  colored 
w^hen  held  against  the  daylight,  and  whether  this  color  remains  the 
same,  or  becomes  lighter  on  cooling,  as  well  as  whether  the  bead 
remains  clear,  or  becomes  opaque  when  cold. 

Some  bodies  give  a  clear  glass  up  to  a  certain  degree  of  saturation, 
which  also  remains  clear  when  cold,  but  by  gently  heating  it,  espe- 
cially by  a  quick  intermitting  blast,  the  bead  becomes  opaque,  milk- 
white,  or  opalescent,  and  sometimes  colored.  This  operation  is  called 
jlamiiig,  and  generally  produces  a  result  only  with  such  bodies  as 
yield  a  glass,  which,  after  perfect  saturation,  is  transparent  while 
fluid,  and  becomes  enamel-like  of  itself  at  the  moment  of  solidifica- 
tion. This  is  the  case  with  the  alkaline  earths,  yttria,  glucina, 
zirconia,  oxides  of  cerium,  tantalic  and  titanic  acids,  etc.  It  does 
not  occur  with  some  other  substances,  viz.,  silicic  acid,  alumina, 
oxides  of  iron,  manganese,  etc. ;  while  the  presence  of  silicic  acid 
even  prevents  the  phenomenon  with  bodies  "which  alone  give  an 
enamel-like  bead  with  borax  on  cooling.  This  is  shoAvn  by  their 
silicates,  which  give  a  clear  glass  when  fully  saturated,  and  the  glass 
only  becomes  opaque  when  supersaturated  and  cold.    When  a  borax 
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bead  shows  the  above  phenomenon,  it  is  said  that  the  bead  '■^'becomes, 
opaque  hij  flaming.''  The  cause  of  the  phenomenon  lies  in  the  im- 
perfect fusion  produced  by  the  flaming,  which  causes  a  partial  sepa- 
ration of  the  base  from  the  basic  borate;  while  in  case  of  a  super- 
saturated glass,  the  base  is  partially  separated  on  cooling.* 

When  treating  a  substance  containing  much  of  a  coloring  oxide, 
or  several  such  oxides,  but  little  should  be  dissolved  at  once,  in  order 
to  avoid  too  dark  a  glass,  the  color  of  which  could  not  be  recognized. 
"When  the  glass  is  too  darkly  colored,  it  is  pressed  out  while  soft,  or 
if  this  is  not  enough,  some  of  it  must  then  be  broken  off  and  the 
residue  fused  with  fresh  borax. 

The  color  of  a  bead  may  be  examined  with  or  without  a  magnifier, 
and  it  must  be  borne  in  mind  that  the  color  with  maiiy  substances 
is  different  when  hot  and  cold. 

The  substance  having  been  dissolved  in  the  0.  F.,  the  glass  is 
treated  in  the  E.  F.,  but  with  sucli  a  blast  that  no  soot  shall  be 
deposited  upon  it.  When  metallic  oxides  or  acids  are  present,  which 
are  reduced  from  borax  only  with  difficulty,  or  not  at  all,  viz.,  ses- 
quioxides  of  cerium,  manganese,  iron,  uranium  and  chromium, 
protoxide  of  cobalt,  titanic  and  tungstic  acids,  etc.,  the  bead  may  be 
treated  at  once  on  the  platinum  wire ;  but  if  there  are  easily  redu- 
cible oxides  present,  as  those  of  zinc,  nickel,  cadmium,  lead,  etc.,  the 
wire  would  be  injured,  and  the  bead  must  therefore  be  shaken  from 
it  and  reduced  on  charcoal.  The  bead  is  placed  in  a  cavity  on  coal 
and  treated  with  a  pure  K.  F.  that  deposits  no  soot.  After  blowing 
one  or  two  minutes,  the  glass  is  pinched  with  the  forceps  and  drawn 
out  a  little,  so  that  its  color  can  be  plainly  seen.  If  the  dissolved 
oxide  was  combined  with  a  notable  amount  of  sulphuric  acid, 
sulphide  of  sodium  is  liable  to  form,  which  colors  the  glass  yellowish- 
red,  especially  when  slowly  cooled,  and  a  false  result  may  be  obtained 
unless  this  is  borne  in  mind.  If  the  glass  contains  easily  reducible 
oxides  of  volatile  metals,  a  coat  of  these  oxides  is  formed  on  the 
coal,  as  with  glass  containing  much  oxide  of  antimony,  zinc,  indium, 
cadmium,  bismuth,  or  lead. 

In  some  cases  a  small  l)it  of  pure  tin,  as  large  as  a  pin-head,  is 
placed  beside  the  bead,  and  both  are  fused  for  a  moment  in  the  E.  F. 
The  tin  has  a  great  affinity  for  oxygen,  and  absorbs  it  partially  from 

*  Rose  and  otlicvs  have  shown  that  the  opacity  frequently  results  from  the  separa- 
tion of  the  substances  in  a  crystalline  form,  and  G.  H.  Emerson  {Proceed.  Amer.  Acad, 
of  Arts  and  Sciences,  vol.  vi.,  March,  18G5)  describes  very  fine  crystals,  obtained  from 
baryta  and  magnesia,  in  both  borax  and  salt  of  phosjdiorns,  as  -well  as  other  interest- 
ing results  connected  with  the  operation  of  flaming. — [Transl.] 
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the  metallic  oxides  in  the  glass,  dissolving  itself  to  a  colorless  bead, 
while  the  oxides  are  reduced  to  the  lowest  stage  of  oxidation,  and 
produce  a  distinct  color,  which  frequently  appears  only  after  they 
are  quite  cold. 

When  copper  or  nickel  are  to  be  perfectly  reduced  from  a  borax 
bead  containing  few  or  no  other  easily  reducible  oxides,  some 
metallic  lead  may  be  with  advantage  added  to  the  bead  on  coal ;  the 
metal  distributed  through  the  bead  then  unites  into  one  button  with 
the  lead,  and  the  glass  can  afterward  be  further  tested  for  non- 
reducible oxides  on  platinum  wire. 

Many  metallic  arsenides,  as  niccoUte,  smaltite,  codaU  and  lead 
speisses,  etc.,  in  which  arsenide  of  nickel  or  cobalt  forms  a  chief 
ingredient,  can  be  immediately  treated  with  borax  on  coal  without 
roasting,  since  they  generally  fuse  easily.  The  method  of  proceeding 
will  be  given  under  nickel  and  iron. 

The  following  table,  similar  to  those  arranged  by  H.  Eose,  Aiis- 
fuhrl.  Handhucli  d.  analyt.  Chemie,  vol.  i.,  p.  795,  and  Scheerer,  Lotli- 
rohrhuch,  2d  edition,  p.  44,  gives  a  convenient  survey  of  the  colors 
imparted  to  borax  by  the  metallic  oxides  and  acids,  in  both  the 
oxidizing  and  the  reducing  flames  : — 


Hot  and 
cold : 


TABLE!  I.     The  Metallic  Oxides  and  Acids  arranged  with  reference  to 
the  Colors  which  they  impart  to  the  BoraK  Bead. 

WITH   BORAX   IN   THE    OXIDIZING   FLAME   PRODUCE: 

a.  Colorless  Beads. 

Silica,  Alumina,  Binoxide  of  Tin. 
Baryta,    Sfrontia,   Lime,    Magnesia, 

Glupina,  Yttria,  Zirconia,  Thoria ; 

Oxides  of  Lanthanum  and  Silver; 
■^        Tantalic,  Niol)ic,  Hyponiobic,  and 

Tellurous  Acids. 
Titanic,  Tungstic,  and  Molybdic  Acids  ; 

Oxides   of  Indium,  Zinc,  Cadmium, 

Lead,  Bismuth,  and  Antimony. 

Yelloiu  Beads. 

Titanic  Acid,  Tiingstic  Acid, 

Molybdic  Acid ;  Oxides  of 

Zinc  and  Cadmium 
Oxides  of  Lead,  Bismuth, 
Hot :        ■{        and  Antimony. 

Sesquioxides  of  Cerium,  1    When  feebly  saturated ;  more  or  less  colorless 

Iron,  and  Uranium.         J  on  cooling. 

Sesquioxide  of  Chromium  (feebly  saturated) ;  when  cold,  yellowish-green. 
Vanadic  Acid ;  when  cold,  greenish-yellow. 

6 


When  highly  saturated  opaquo 
(white)  by  flaming. 


When  feebly  saturated. 


When  highly  saturated ;  on  cooling  color- 
less ;  and  opaque  by  flaming. 

^'  [  When  highly  saturated ;  colorless  on  cooling. 
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Hot: 


c.  Red  to  Brown  Beads. 

C  Sesquioxide  of  Cerium ;  on  cooling,  yellow,  enamel-like  by  flaming. 

"  "  Didymium  (rose-colored) ;  the  same  on  cooling. 

"  "   Iron ;  on  cooling,  yellow. 

"  "  Uranium;  on  cooling,  yellow;  enamel-yellow  by  flaming. 

"  "   Chromium  ;  on  cooling,  yellowish-green. 

"  "  Iron  containing  Manganese ;  on  cooling,  yellowish-red. 

Protoxide  of  Nickel  (reddish-bro-\vn  to  brown) ;  violet  while  hot. 
Sesquioxide  of  Manganese  (violet-red) ;  violet  while  hot. 
Protoxide  of  Nickel  containing  Cobalt  (with  little  Cobalt,  viole^bro•wn) ; 
violet  while  hot. 


Cold; 


d.   Violet  Beads  {amethyst-colored). 


Hot; 


Protoxide  of  Nickel ;  on  cooling,  reddish-brown  to  brown. 
Sesquioxide  of  Manganese ;  on  cooling,  red  inclining  to  violet. 
Protoxide  of  Nickel  containing  Cobalt ;  when  cold,  inclining  to  brownish. 

With  much  Cobalt,  violet  when  cold  also. 
Protoxide  of  Cobalt  containing  Manganese;  the  same  on  cooling. 


e.  Blue  Beads. 

Hot :  Protoxide  of  Cobalt ;  the  same  on  cooling. 

Cold :  Oxide  of  Copper  (when  highly  saturated,  greenish-blue) ;  green  when  hot. 

/.  Green  Beads. 

Oxide  of  Copper ;  blue  when  cold  (greenish-blue  if  highly  saturated). 
Sesquioxide  of  Iron  contain-^  The  green  color  changes  on  cooling,  accord- 
Hot  :        ■{        ing  Cobalt  or  Copper.  ing  to  the  saturation,  as  well  as  the  pro- 
Oxide  of  Copper  containing  (      portions  in  which  the  oxides  are  present. 
Iron  or  Nickel.                    J       to  light-green,  blue,  or  yellow. 
Cold  :           Sesquioxide  of  Chromium  (yellomsh-green) ;  yellow  to  red  while  hot. 


•WITH  BOEAX,  IN-  THE  KEDUCIKG  FLAME,   PRODUCE: 

a.  Colorless  Beads. 


Hot  and 
cold : 


Hot: 


When  highly    saturated   become 
opaque  by  flaming. 


Silica,  Alumina,  Binoxide  of  Tin. 

Baryta,  Strontia,  Lime,  Magnesia, 
Glucina,  Yttria,  Zirconia,  Thoria ; 
Oxides  of  Lanthanum  and  Ce- 
rium ;  Tantalic  Acid. 

Oxide  of  Indium,  Sesquioxide  of  Manganese.     (With  the  latter  the  glass 
is  liable  to  assume  a  feeble  rose  color  on  cooling.) 

Niobic  and  Hyponiobic  Acids ;  when  feebly  saturated. 

Oxides  of  Silver,  Zinc,  Cadmium,  Lead,  ^      ,  ^      ,        , ,      . 
T>-       »u     A    .•  -KT-  1   1     m  11  After  long  blowmg 

Bismuth,  Antimony,    Nickel,    Tellu-  \  o  & 

rous  Acid.  J 

Oxide  of  Copper ;  if  highly  saturated,  opaque  red  on  cooling, 


short  blast,  gray.) 


(After  a 
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Hot; 


Titanic  Acid  (yellow  to  brown) ;  when  highly  saturated,  enamel-blue  by 

flaming. 
Tungstic  Acid  (yellow  to  dark) ;  when  cold,  brownish. 
Molybdic  Acid  (brown  to  opaque).     (Separated  binoxide  of  Molybdenum 
is  seen  in  the  black  bead  if  pressed  flat.) 
(^  Vanadic  Acid  (brownish) ;  chrome  green  when  cold. 

c.  Blue  Beads.  , 

Hot :  Protoxide  of  Cobalt ;  the  same  when  cold. 

d.  Green  Beads. 

Sesquioxide  of  Iron  (yellowish-  or  bottle-green) ;  especially  when  cold. 
Hot  and        Sesquioxide  of  Uranium   (yellowish-green) ;    when  highly  saturated  be- 
<  comes  black  by  flaming. 

Sesquioxide  of  Chromium  (light  to  dark  emerald-green,  according  to  the 
degree  of  saturation). 
Cold  :  Vanadic  Acid  (chrome  green) ;  brownish  while  hot. 

e.  Gray  and  Cloudy  Beads ;  the  cloudiness  frequently  appearing 
distinctly  during  the  blast. 


Cold 


Oxides  of  Silver,  Zinc,  Cadmium,  Lead,  )     __..  ,        ,        , ,  ,,„, 

x>-        *u      A    i-  XT-  1    1     m  11      L    With  a  short  blast.     (With  a 

Bismuth,    Antimony,   Nickel,    Tellu-  r         -,  ,  v  " 

rous  Acid.  J  ^°°^^"^  ^^^^^'  colorless.) 

^  Niobic  and  Hyponiobic  Acids,  when  highly  saturated. 

/.  Red  Beads. 


Cold: 


Sesquioxide  of  Didymium   (rose-colored),   Oxide  of   Copper   (opaque), 
when  highly  saturated ;  colorless  while  hot. 


2.     EXAMI]SrATION"  OF  THE   SUBSTANCE  WITH   SalT  OF  PHOSPHORUS. 

This  test  is  likewise  made  partly  on  platinum  wire  and  partly  on 
coal.  The  action  of  the  S.  Ph.  has  been  already  explained,  p.  47. 
The  S.  Ph.  must  be  melted  on  the  wire  only  gradually  in  small  por- 
tions, since  it  boils  violently  while  the  water  of  crystallization  and 
the  ammonia  are  passing  off,  and  if  a  suflBcient  amount  for  a  test 
were  fused  at  once,  it  would  seldom  all  remain  on  the  wire.  On  coal 
the  whole  amount  may  be  fused  at  once.  The  points  to  be  observed 
in  testing  substances  with  borax  hold  good  for  S.  Ph.  as  well.  Silicic 
acid  being  very  slightly  dissolved  in  S.  Ph.,  the  silicates  can  be  very 
easily  recognized  by  means  of  it ;  the  bases  dissolve,  while  most  of 
the  silica  separates  and  floats  about  in  the  fused  glass  in  the  form  of 
:a  gelatinous  skeleton.  Many  silicates,  however,  yield  a  glass,  which, 
indeed,  appears  clear  while  hot,  but  on   cooling  is  more  or  less 
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opalescent,  and  the  glass  must  then  be  examined  for  separated 
silica  with  the  magnifier  while  still  hot.  Silicates  of  bases  which 
are  themselves  soluble  with  difficulty  in  S.  Ph.,  as  alumina  and  zir- 
conia,  are  decomposed  by  the  salt  with  great  difficulty,  or  not  at  all, 
and  this  is  chiefly  perceptible  with  zirconia. 

The  colors  produced  in  the  S.  Ph.  beads  are  generally  different 
from  those  produced  in  borax  by  the  same  substances,  as  may  also 
be  seen  by  comparing  the  folio w-ing  summary  with  that  given  on 
pp.  81-83. 


TABLE  II. — The  Metallic  Oxides  and  Acids  arranged  with  reference  to 
the  Colors  which  they  impart  to  the  Salt  of  Phosphorus  Bead. 

WITH  SALT  OF  PHOSPHOEUS,  11^  THE  OXIDIZIKG  FLAME,  PEODUCE : 

a.  Colorless  Beads. 

Silica  (very  slightly  soluble). 

Alumina,  Binoxide  of  Tin  (soluble  with  difficulty). 

Baryta,  Strontia,  Lime,  Magnesia,  Glu- 

cina,  Yttria,  Zii'conia,  Thoria,  Oxide 

of  Lanthanum,    Tellurous  Acid. 
Tantalic,  Niobic,  Hyponiobic,  Titanic,  ^ 

and  Tungstic  Acids;  Oxides  of  Zinc, 

Cadmium,  Indium,  Lead,   Bismuth, 

and  Antimony. 


Hot  and 
cold : 


When  highly  saturated  become 
opaque  (white)  by  flaming. 

When  not  too  highly  saturated. 
(When  highly  saturated,  yel- 
lowish to  yellow ;  and  color- 
less on  cooling. ) 


i.  Yelloio  Beads. 


Sesquioxide  of  Iron,  Sesqui 
oxide  of  Cerium. 


Tantalic,  Niobic,  Hyponiobic,  Titanic,  and  \    • 

Tungstic  Acids;   Oxides   of  Zinc,    Cad- I   ^^^'^    ^^^^^^    saturated; 
mium,  Lead,  Bismuth,  and  Antimony.        )        ^""^  colorless  on  cooling. 
Oxide  of  Silver  (yellowish) ;  opalescent  on  cooling. 
Hot:       J,     ^        .     ..      ._         _        .   ')    When  feebly  saturated,  colorless  on  cool- 
ing.   If  highly  saturated,  red  while  hot, 
and  yellow  when  cold. 
Sesquioxide  of  Uranium  ;  yellowish-green  when  cold. 
Vanadic  Acid  (dark  yellow) ;  lighter  when  cold. 
Hot :  Protoxide  of  Nickel ;  reddish  while  hot. 

c.  Red  Beads. 

^  Scsquioxides  of  Cerium  and  Iron.    If  highly  saturated,  yellow  on  coohng 
"  "  Didyraium  (rose-colored  when  highly  saturated). 

Protoxide  of  Nickel  (reddish) ;  yellow  when  cold. 
Sesquioxide  of  Chromium  (reddish) ;  emerald-green  when  cold. 

d.  Violet  Beads  {amethyst-colored). 

H  t  •        i    Sesquioxide  of  Manganese  (brownish-violet) ;   on  coohng,  light  reddisb 
•        I       violet. 


Hot: 


£5AMIl<rATI0K  WITH  SALT  OF  PHOSPHOEUS. 


85 


e.  Blue  Beads. 

Hot :  Protoxide  of  Cobalt ;  the  same  on  cooling. 

Cold :  Oxide  of  Copper  (greenish-blue  if  highly  saturated) ;  green  while  hot. 

/.  Green  Beads. 

C  Oxide  of  Copper ;  blue  when  cold  (greenish-blue  if  highly  saturated). 
Molybdic  Acid  (yellowish-green) ;  lighter  on  cooling. 
Sesquioxide  of  Iron  containing  "^  The  green  color  changes  on  cooling,  ao- 
Cobalt  or  Copper;    Oxide  of  I      cording  to  the  saturation,  as  well  as 
Copper    containing    Iron"   or  [      the  proportions  in  which  the  oxides  are 
Nickel.  j      present,  to  light-green,  blue,  or  yellow. 

Sesquioxide  of  Uranium  (yellowish-green) ;  reddish  while  hot. 
"  "  Chromium  (emerald-green) ;  yellow  while  hot. 


Hot; 


Cold; 


Hot  and 
cold : 


WITH   SALT   OF   PHOSPHOEUS,  IJS"   EEDUCIifG   FLAME,  PEODUCE  : 

a.  Colorless  Beads. 

<'   Silica  (very  slightly  soluble). 

Alumina,  Binoxide  of  Tin  (soluble  w^itli  difficulty). 

Baryta,  Strontia,  Lime,  Magnesia,  Glucina,  ^  When  highly  saturated, 
Yttria,  Zirconia,  Thoria,  Oxide  of  Lan-  I  opa(iue  (white)  by  flara- 
thanum.  J        ing. 

Sesquioxides  of  Cerium,  Didymium,  Manganese. 

Tantalic  Acid ;  Oxides  of  Silver,  Zinc,  Cad-  ) 
mium.  Indium,  Lead,  Bismuth,  and  An-  [  ^^^  !°"g  \>\o^ing.     (Other- 
timony ;  Tellurous  Acid.  )        ^"^^  ^^^^'^ 

Protoxide  of  Nickel  (particularly  on  charcoal). 

h.  Yellow  to  Red  Beads. 

Sesquioxide  of  Iron  (yellow  to  red) ;  on  cooling,  at  first  greenish,  then 

reddish. 

Titanic  Acid  (  i!'n\- ) ;  violet  on  cooling. 

Hyponiobic  Acid  (violet-brown) ;  particularly  on  coal. 

Hot:        ■{    Vanadic  Acid  (brownish)  ;  when  cold,  chrome-green. 

Titanic  Acid  containing  Iron.    |  (Yellow);  when  cold,  b^o^^^lish-rcd  (blood- 

Tungstic  "  "  "       I      red). 

Niobic       "  "  "       ) 

Hyponiobic  Acid  "  "       \  (^i-ownish-red) ;  when  cold,  dark-yellow. 

c.  Violet  Beads  {amethyst-colored). 

j    Niobic  Acid  (highly  saturated) ;  pale  dirty-blue  while  hot 
Cold  :      I    Titanic  Acid  (even  when  moderately  saturated) ;  yellow  while  liut. 

d.  Blue  Beads. 

Protoxide  of  Cobalt ;  also  while  hot. 
Cold  :      -?    Tungstic  Acid  ;  brownish  while  hot. 

Niobic  Acid  (very  i.i  hly  saturated) ;  dirty-blue  while  hot. 
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e.  Green  Beads. 

"   Scsquioxide  of  Uranium  ;  less  fine  while  hot. 
Molybdic  Acid ;  dirty-green  while  hot. 
Cold  :      <    Yanadic  Acid ;  brownish  while  hot. 

Sesquioxide  of  Chromium ;  reddish  while  hot. 

/.  Grai/  and  Cloudy  Beads ;  the  cloudmess  frequently  appearing 
distinctly  during  the  blast. 

{    Oxides  of  Silver,  Zinc,  Cadmium,  Indium,  ")    Most   readily   on  coal  and 
Cold :       •<        Lead,  Bismuth,  Antimony,  Nickel ;  Tel-  I       with  tin.     Colorless  after 
/       lurous  Acid.  j        prolonged  blowing. 

g.  Bed  Beads. 

Sesquioxide  of  Didymium  (rose-colorod). 
Cold :      ^    Oxide  of  Copper  (opaque),  when  highly  saturated,  or  with  tin  on  char- 
coal. 

3.    Examination"  op  Substance  with  Carbonate  of  Soda. 

The  soda  is  employed,  either  simply  to  fuse  the  substance  together 
with  it,  or  to  effect  the  reduction  of  metallic  oxides  present,  which 
latter  result  can  generally  be  more  perfectly  accomplished  with  its 
ftid  than  by  the  reducing  flame  alone. 

ft.  The  fusihility  of  the  substance  with  soda. 

A  large  number  of  bodies  combine  with  soda  at  a  high  tempera- 
ture, some  yielding  fusible,  and  some  yielding  infusible  compounds. 
There  are  only  a  few  which  yield  fusible  compounds ;  they  are 
chiefly: — silicic,  titanic,  tungstic,  molybdic,  tantalic,  yanadic,  and 
the  acids  of  niobium.  Fused  on  charcoal,  silicic  and  titanic  acids 
unite  with  soda,  effervescing  and  yielding  a  clear  bead.  When  there 
is  no  excess  of  soda,  the  silicate  remains  clear  on  cooling,  but  the 
titanate  becomes  crystalline  and  opaque.  Tungstic  and  the  other 
acids  likewise  unite  with  soda  with  effervescence,  but  the  compound 
sinks  into  the  coal.  Baryta  and  strontia  salts  likewise  give  fasible 
compounds  with  soda,  and  these  also  sink  into  the  coal,  while  most 
lime  salts,  although  fusing  with  the  soda,  are  decomposed,  even 
when  their  acids  are  more  powerful  than  carbonic  acid,  and  the  soda 
salt  sinks  into  the  coal,  leaving  the  lime  behind. 

The  powdered  substance  to  be  tested  is  mixed  with  the  soda  in  the 
left  hand,  and  the  moistened  mixture,  spread  in  a  shallow  cavity  on 
coal,  is  heated  at  first  gently  to  drive  off  all  the  water,  and  then  as 
strongly  as  possible.  It  is  generally  advisable  to  add  the  soda  in 
small  portions,  so  as  to  note  clearly  the  changes  produced  by  adding 
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constantly  increasing  amounts,  'wliicli  are  spread  moist  upon  the 
fused  mass.  Many  silicates  which  are  themselves  fusible  with  diffi- 
culty, Avhile  their  bases  are  infusible,  melt  with  a  little  socla  to  a  clear 
glass;  but  with  more  soda  they  form  a  slag-like  or  infusible  mass 
When  the  assay  is  not  soluble  in  soda,  but  is  decomposed  by  it,  it 
may  be  seen  to  gradually  swell  and  alter  in  appearance,  while  it  does 
not  fuse  to  a  bead  with  the  soda  in  whatever  proportion  it  is  added. 
"When  the  substance  is  neither  dissolved  nor  decomposed  by  soda, 
the  latter  sinks  into  the  coal  ai;d  leaves  the  assay  unaltered. 

An  assay  soluble  in  soda  and  free  from  coloring  oxides,  but  con- 
taining sulpliuric  acid  or  sulj^hur,  yields  a  glass  which  on  cooling  is 
yellow,  or  red  to  yellowish-brown,  from  the  formation  of  sulphide  of 
sodium,  according  as  there  was  little  or  much  sulphur  present.  The 
spread  out  mass  obtained  by  fusing  sulphates  on  coal  with  soda  gen- 
erally has  the  same  color,  and  when  the  mass,  which  has  partially  or 
wholly  sunk  into  the  coal,  is  cut  out,  laid  on  silver  foil,  and  moist- 
ened thoroughly  with  water,  it  forms  a  black  or  dark-brown  spot  of 
sulphide  of  silver.  This  reaction  is  frequently  used  in  testing  a 
substance  for  sulphuric  acid. 

Substances  containing  manganese,  even  in  very  trifling  quantity, 
when  powdered  and  fused  with  soda  on  platinum  foil  in  the  0.  F., 
yield  manganate  of  soda,  which  spreads  over  the  foil,  and  assumes  a 
bluish-green  color  on  cooling. 

When  the  examination  of  the  substance  by  itself  has  caused  the 
presence  of  salts  of  ammojiia  or  mercury  to  be  suspected,  some  of  it 
is  powdered,  mixed  with  previously-dried  soda,  and  heated  in  a 
matrass  over  the  spirit-lamp ;  the  salts  are  decomposed,  and  in  the 
former  case  carbonate  of  ammonia,  recognized  by  the  smell  and  by 
red  litmus  paper,  is  liberated,  while  in  the  latter  case  the  mercury 
collects  in  drops  or  forms  a  gray  film. 

When  silicates  are  fused  with  soda,  they  yield  silicic  acid  to  it,  and  easily  fusible 
silicates  are  formed,  containing  a  low  proportion  of  silica.  Upon  adding  more  soda 
the  weaker  bases  are  separated,  and  the  mass  becomes  infusible.  When  the  oxygen  of 
the  silicic  acid  is  at  least  double  that  of  the  base,  the  addition  of  just  the  right  amount 
of  soda  forms  a  clear  glass,  which  remains  clear  on  cooling,  provided  the  resulting 
double  silicate  is  fusible.  When,  however,  the  oxygen  of  the  acid  is  just  equal  to  that 
of  the  base,  the  assay  is  indeed  generally  decomposed  by  soda  with  effervescence,  but 
cannot  be  fused  to  a  clear  glass,  because  the  resulting  double  silicate  is  too  infusible. 
As  before  remai-ked,  fusible  silicates  of  infusible  bases  yield  with  a  little  soda  a  clear 
glass ;  with  more,  an  opaque  glass ;  and  with  still  more,  are  infusible,  because  their  base? 
are  separated  by  the  soda. 
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The  Oxidized  Minerals  arranged  according  to  their  fusibility  and  behavior 

with  Carbonate  of  Soda. 

A.  Minerals  Fusible  to  a  Bead. 


a.   With  soda  yield  a  fluid  iead: 


Acmite, 

Allanite  (Cerine),  A* 
Axinite,  A, 
Boracite,  A, 
Borax,  A, 
Botryolite,  A, 
Crocidolite, 
Cronstedtite, 
Datolite,  A, 


Elfeolite,  A, 
Eudialyte, 
Garnet, 
Hehate, 

Hydroboracite,  A, 
Ilvaite, 
Labradorite, 
Lapis  Lazuli, 

Mica,    from    primitive   lime 
stone, 


Oligoclase, 

Pyrosmalite, 

Sassolite,  A, 

Scapolite,  A, 

Sodalitc,  from  Greenland, 

Spoduraene, 

Talc,  black, 

The  Zeolites,  A, 


b.  With  a  little  soda  a  bead,  with  more  a-slaggy  mass: 


Amblygonite,  Okenite, 

riuorite,  Orthite,  A, 

Garnet,  manganiferous,  Pectolite, 

Manganese,  black  silicate  of  Pyrorthite, 
(hydrous  tephroite  1) 

c.   With  soda  only  a  slag : 


Rhodonite,  A, 

Sodalite, 
Sordavalite, 
Vesuvianite,  A. 


Amphodelite, 

Autunite, 

Brevicite, 

Pahlunite, 

Hailynite, 

Heterosite, 


Iron,  phosphates  of  sesqui-  Pyi'ope, 


oxide, 
Pharmacolite, 
Pharmacosiderite, 
Polyhalite, 
Pyrargillite, 


d.  Sink  with  soda  into  the  charcoal . 

Celestite, 


Saponite, 

Scorodite, 

Tourmaline  (potash)  black, 

Triphylite, 

Wolframite. 


Witherite. 


e.  Fuse  with  soda  at  first  more  or  less  perfectly  to  a  clear  mass,  but 
are  decomposed  by  a  sufficient  quantity  of  soda  and  leave  behind  an 
infusiMe  crust,  while  the  soda  salt  sinks  into  the  coal: 


Anhydrite, 
Cryolite, 


Gay-Lussite, 
Glauberite, 


Gypsum, 

Polyhalite. 


/.  Yield  tvith  soda  a  reguline  metal: 
Minerals  consisting  of  reducible  metallic  oxides  and  their  reducible  salts. 


*  A,  denotes  that  the  mineral  fuses  with  intumescence,  effervescence,  etc. 
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B.  MlSTEEALS  WHICH  FUSE   OXLT   OIST  THE  EDGES. 

a.   With  soda  yield  a  fluid  head: 

A11)ite,  Nephelite,  Steatite, 

Anorthitc,  Orthoclase,  Titanite,  A, 

Emerald  (beryl),  Petalite,  Turquois. 

Euclase,  A,  Sodalite,  from  Vesuvius, 

h.  With  little  soda  a  fluid  bead,  with  more  a  slaggy  mass: 

Enstatite,  Hypersthene,  Zoisite,  A. 

Epidote,  A,  Wollastonite, 

c.  Yield  with  soda  only  a  slag. 

Carpholite,  Pimelite,  Scheelite, 

Dichroite  (iolite),  blue.  Finite,  Sei-pentine, 

Lazulite,  A,  Plumbogummitc,  A,  Toui-maline  (soda),  green,  A. 

IVIica,  A,  from  granite,  Pyrochlore, 

d.  With  soda  goes  into  the  coal: 

Barite. 

e.  Fuse  or  only  sivell  up  with  soda,  hit  are  decomposed  ly  a  suf- 
ficient amount  offoda,  leaving  an  infusible  crust,  lohile  the  soda  salt 
sinks  into  the  coal: 

Apatite  (swells  up).  Barite  (calciferous),  fuses.- 

0.  Infusible  Minekals. 
a.  Give  with  soda  a  fluid  bead: 


Agalmatolite, 

Hisingerite, 

Kutile, 

Dioptase, 

Leucite,. 

Sideroschisolite, . 

Fire-clay, 

Pyrophyllite,  A, 
Quartz, 

Wolchonskoite. 

b.  With  little  soda 

a  bead,  luith  more  a 

slaggy  mass : 

Cerite, 

Gadolinitc,  A, 

Talc, 

Chrysolite, 

Phenacite, 
Picrosmine, 

.      Tourmaline,  A  (lithia) 

c.  Yield  with  soda 

only  a  slag : 

^schynite.  A, 

Cassiterite,  with  much  soda  Pluocerine, 

Allophane, 

metallic  tin. 

Gahnite  (a  zinc  coat), 

Aluminite, 

Chloritoid, 

Gehlenitc, 

Alunite, 

Chromite, 

Gibbsite, 

Alunogen,  A, 

Chrome  Ochre, 

Iron,    sesquioxide    an< 

Andalusite, 

Chrysoberyl, 

sulphates. 

Brucite, 

Cyanite, 

Manganese,  oxides, 

Calamine  (a  zinc  coat). 

Diaspore, 

CErstedite, 
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Ouvarovite,  Tantalite,  Xenotime, 

Polymignite,  Thorite,  Yttrocerite, 

Spinel,  Titanic  Iron,  Yttrotantalite, 

Staurolite,  Topaz,  Zircon. 

Worthite, 

d.  Fuse  or  only  swell  up  loith  soda,  hut  are  decomposed  hy  a  suf* 
ficient  amount,  and  the  soda  sinJcs  into  the  coal,  leaving  an  infusible 
crtist : 

Alum  (kalinite),  dehydrated,  Calcite,  Magnesite, 

Aragonite,  Dolomite,  Wavellite,  A. 

Barytocalcite,  Epsomite,  dehydrated, 

e.  Sinks  with  the  soda  into  the  coal: 

Strontianite,  A. 


^.  Reduction  of  metallic  oxides  with  carbonate  of  soda. 

Many  oxides  can  be  reduced  on  coal  in  the  E.  F.  without  soda,  but 
when  mixed  or  combined  with  non-reducible  bodies  it  is  not  only 
difficult,  but  sometimes  quite  impossible  so  to  reduce  them  that  their 
presence  may  be  at  once  ascertained;  by  the  addition  of  soda  this 
can,  however,  be  very  perfectly  accomplished.  There  are  also  metallic 
oxides  which  can  be  reduced  perfectly  with  soda,  but  not  without  it. 
The  easy  reduction  effected  by  soda  is  to  be  ascribed  as  well  to  the 
formation  in  the  E.  F.  of  cyanide  of  sodium,  which  absorbs  oxygen 
with  great  eagerness  to  form  cyanate  of  soda,  as  also,  without  doubt, 
to  the  fact  that  at  a  sufficiently  high  temperature  the  salt  sinks  into 
the  coal,  while  its  carbonic  acid  and  part  of  its  oxygen  are  converted 
by  the  charcoal  into  carbonic  oxide,  which,  in  connection  with  the 
gaseous  sodium  that  escapes,  exerts  a  reducing  action  on  the  metallic 
oxides. 

The  best  way  to  perform  this  reduction  is  to  mix  the  pulverized 
assay  with  moistened  soda  in  the  left  hand,  spread  the  paste  on  coal, 
and  treat  it  with  a  good  E.  F.  for  not  too  short  a  time.  It  is  some- 
times difficult  at  once  to  recognize  the  separated  metal,  and  then  the 
whole  of  the  coal  which  is  permeated  with  the  soda  at  the  spot  where 
the  reduction  was  effected,  must  be  cut  out,  triturated  with  water  in 
the  mortar,  and  the  coal,  etc.,  washed  away  carefully  until  only 
metallic  particles  remain.  When  even  a  trifling  amount  of  a  re- 
ducible oxide  Avas  present,  there  will  be  small,  flattened,  lustrous 
metallic  scales  at  the  bottom  of  the  mortar,  or,  in  case  the  metal  was 
difficultly  fusible,  and  not  soft,  a  metallic  powder.    This  residue 
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Bhould  be  examined  with  the  glass,  and  nnder  water  with  the  mag- 
net, and  if  necessary,  also  tested  on  coal  with  borax  and  S.  Ph.,  in 
case  a  mixture  of  several  metals  was  obtained. 

In  order  to  transfer  the  fine  particles  of  metal  to  the  coal,  for  tho 
purpose  of  examination,  they  are  wiped  from  the  mortar  with  a  bit 
of  filter  paper,  which  is  then  rolled  up  and  burned  on  the  coal.  If 
there  is  a  very  trifling  quantity  of  metal,  the  borax  or  salt  of  phos- 
phorus necessary  for  the  examination  is  wrapj)ed  in  the  paper  at 
the  same  time.  When  there  are  several  reducible  oxides  present, 
they  are  generally  obtained  as  an  alloy.  A  little  borax  should  be 
added  to  the  soda  when  treating  tantalates  and  slags,  to  reduce  the 
trifling  amount  of  oxide  of  tin  which  is  often  present.  The  com- 
pounds of  tantalic  or  silicic  acid  are  more  easily  dissolved  by  adding 
borax,  which  also  prevents  the  reduction  of  iron  that  would  other- 
wise alloy  with  the  tin. 

The  metals  reducible  as  above  witli  soda  are,  besides  the  noble  metals  :  molybde- 
num, tungsten,  antimony,  tellurium,  copper,  bismuth,  tin,  lead,  zinc,  indium,  cadmium, 
nickel,  cobalt,  and  iron.  Arsenic  and  quicksilver  are  reduced,  but  volatilize  immedi- 
ately, and  can  only  be  obtained  in  the  metallic  state  in  the  glass  tube  or  matrass.  K 
the  assay  contained  arsenate  of  nickel  or  cobalt,  a  quite  fusible  button  is  always  ob- 
tained, which  is  rendered  brittle  by  the  considerable  amount  of  arsenic  in  it.  When, 
in  addition  to  oxide  of  copper,  there  is  an  oxide  of  antimony  or  tin  present,  an  easily 
fusible,  but  brittle,  alloy  of  copper  and  antimony  or  tin  is  obtained. 

Neutral  oxalate  of  potassa,  or  cyanide  of  2iotassium,  may  with 
advantage  be  substituted  for  soda  when  treating  oxides  of  difiicult 
reducibility,  as  they  have  a  much  greater  reducing  power.  Even  a 
feeble  E.  F.  suffices  to  reduce  oxides  of  tin,  iron,  cobalt,  etc.,  imme- 
diately with  these  reagents,  while  soda  would  require  a  long-con- 
tinued and  strong  blast.  This  is  due  to  the  fact  that  the  oxalate, 
heated  to  incipient  glowing,  evolves  carbonic  oxide  copiously,  and 
this  has  a  powerful  reducing  action,  while  the  simultaneously  formed 
carbonic  acid,  which  has  been  absorbed  by  the  potassa  liberated  from 
the  decomposed  salt,  is  likewise  converted  into  carbonic  oxide  by  the 
action  of  the  coal  at  a  higher  temperature ;  the  cyanide  of  potassium, 
on  the  other  hand,  takes  oxygen  directly  from  the  metallic  oxides  at 
a  low  temperature,  and  is  converted  into  cyanate  of  potassa,  so  far  as 
this  oxygen  suffices.  The  cyanide,  however,  has  the  disadvantage 
of  spreading  out  over  the  coal  at  once,  and  thus  scattering  the  re- 
duced metal;  while  the  oxalate,  although  also  easily  fused,  spreads 
less,  and  the  metallic  particles  can  be  more  readily  collected  to 
larger  buttons.  Both  of  these  reducing  fluxes  are  also  preferable  to 
soda  when  the  reduction  must  be  performed  in  a  matrass,  as  for  de- 
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tecting  a  trifling-  amount  of  arsenic,  the  special  directions  for  which 
will  be  given  under  the  examination  for  arsenic. 


4.     EXAMIN'ATIOls'  OF   SUBSTAITCES  WITH   COBALT   SOLUTION". 

This  test  can  only  be  employed  for  substances  which  have  a  nearly 
or  quite  white  color  after  ignition  in  the  0.  P.  If  the  substance  is 
not  very  dense,  and  will  absorb  the  solution,  a  fragment  of  it  is 
moistened  with  the  solution,  and  gradually  ignited  quite  strongly 
with  the  0.  F.,  being  held  in  the  forceps.  Friable  substances  are 
mixed  with  the  solution  and  spread  on  coal.  In  testing  coats,  a  few 
drops  of  the  solution  are  put  on  the  coat,  and  it  is  then  cautiously 
ignited,  so  as  not  to  blow  away  the  thin  layer  of  oxide.  Crystalline 
substances,  and  such  as  are  too  dense  to  absorb  the  solution,  must  be 
pulverized,  mixed  with  a  little  water,  spread  on  coal,  and  dried.  The 
crust  is  then  moistened  with  cobalt  solution,  and  gradually  heated 
to  a  feeble  glow  in  the  0.  F.  If  coherent,  the  crust  may  be  removed 
from  the  coal  and  held  in  the  forceps.  The  color  imparted  to  the 
assay  must  always  be  examined  by  daylight  and  when  the  assay  is 
quite  cool.  The  colors  frequently  seen  when  the  substance  is  moist- 
ened with  the  solution,  or  on  commencing  to  heat  it,  such  as  blue, 
red,  black,  proceed,  it  is  true,  from  decomposition  of  the  solution, 
but  are  by  no  means  to  be  regarded  as  indications  of  substances 
sought. 

The  quantity  of  solution  required  depends  upon  its  concentration ; 
a  few  experiments  will  show  how  much  should  be  employed  to  secure 
a  distinct  reaction.  A  very  dilute  solution  always  yields  the  best 
results,  as  a  too  concentrated  one  is  liable  to  turn  the  ignited  assay 
gray  or  black. 

The  following  colors  are  assumed  by  some  earths  and  metallic 
oxides  and  acids  on  being  moistened  with  cobalt  solution  and  ig- 
aited : 

a.  Broivnish-red,  baryta; 

It.  Flesh-color',  magnesia,  tantalic  acid ; 

c.  Violet,  zirconia  (dirty-violet),  phosphate  and  arsenate  of  mag- 

nesia (fuse  at  the  same  time). 

d.  Blue,  alumina,  silica; 

e.  Green,  oxide  of  zinc  (yellowish-green),  of  tin  (bluish-green), 

titanic    acid   (yellowish-green),    hyponiobic    acid    (dirty- 
green),  antimonic  acid  (dirty  dark-green). 
/.  Gray,  strontia,  lime,  glncina  (bluish-gray),  niobic  acid. 
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Only  a  few  of  these  colorations  are  of  use  in  recognizing  bodies, 
especially  those  of  alumina,  magnesia,  zinc,  and  tin.  The  blue  of 
alumina  must  not  be  confounded  with  the  blue  produced  by  many 
silicates,  which  is  due  to  silicate  of  cobalt.  This  almost  always 
appears  fused  on  careful  examination,  while  the  blue  of  alumina  is 
dull ;  the  former  also  only  appears  with  a  high  temperature,  and  it 
is  therefore  well,  if  the  substance  after  ignition  with  the  solution 
shows  no  blue  color,  not  to  heat  it  too  much,  so  as  to  fuse  it.  On  the 
other  hand,  in  testing  for  magnesia,  the  ignited  substance  may  have 
assumed  only  a  very  feeble  rose-color,  and  it  can  then  be  more 
strongly  treated,  even  to  fusion,  if  possible,  since  the  red  color  will 
not  only  remain,  but  also  become  more  distinct  if  magnesia  is  present. 

The  alumina  and  magnesia  reactions  are  prevented  by  the  pres- 
ence of  colored  metallic  oxides,  which  generally  produce  a  gray  oi 
black  mass,  unless  present  in  too  small  quantity. 

The  methods  of  using  the  other  qualitative  reagents  will  be  de^ 
scribed  under  the  special  examinations. 


'   TABLES 

SHOWING  THE  BEHAVIOR  OF  THE 

A.LKALIES,  EAETHS,  AND  METALLIC  OXIDES, 

ALONE,  AND  WITH  REAGENTS,  BEFORE 
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Sinters-  and  assumes  a 
black    or    dark    gray 
color. 

Perfectly  infusible;    be- 
comes gray. 

After  long  blowing  has  a 
pale  flesh  -  color,   only 
properly     seen     when 
quite  cold.     Phosphate 
and  arsenate  fuse  and 
become  violet-red. 

•                                                            •           •  • 

Sr  is   insoluble.     Sr   C 
fuses    with     an     equal 
amount   of    soda    to  a 
clear  glass,   milk-white 
on     cooling.      More 
strongly     heated     the 
glass  boils  and  the  caus- 
tic   earth   is  absorbed. 
If  more  is  added  it  does 
not    dissolve,    but    be- 
comes caustic  and  goes 
into  the  coal. 

Insoluble.  The  soda  goes 
into   the  coal,  leaving 
lime  behind. 

Like  lime. 

Like  baryta. 

• 

Dissolves  largely 
(with    etlerves- 
cence,    carbon- 
ate) to  a  clear 
glass,  thiit  can 
be       flamed 
opaque,     when 
rather    satura- 
ted.     Perfectly 
saturated      the 
glass     becomes 
milk-white    on 
cooling. 

i 

15 

Dissolves    easily.      The 
clear  glass  can  be  flamed 

opaque.    Ca  C  dissolves 
with       effervescence. 
With  more  the  glass  be- 
comes cloudy  and  crys- 
talline on  cooling,  but 
never  so  milk-white  as 
with  baryta  or  strontia. 

Like  lime,   but  not    so 
strongly  crystalline. 

The  hydrate    behaves  like 
baryta.      The    carbonate 
fuses  only  on   the   edges, 
ramifying  like  cauliflower ; 
the   projections  are  lumi- 
nous, tinge  the  R.  F.  red, 
and  have  an  alkaline  reac- 
tion.   In  the  forceps,  colors 
the  flame  crimson. 

Ca  is  unaltered.     Ca  C  be- 
comes caustic,  whiter,  more 
luminous,    then     alkaline, 
and  crumbles  to  jiowder  if 
moistened.    In  the  forceps, 
colors  the  flame  feebly  red. 

The    carbonate   is    decom- 
posed, becoming  luminous 
and  alkaline. 

h-i 

H 

O    ^ 
H 

3.  Lime, 
Ca. 

< 

M 
S       . 

;z;  bo 

• 

98 


PLATTKER'S   blowpipe  AN"ALTSIS. 


>5 

«  c^  i 

1 

•^ 

eS   O.a   sS 

•3 

S5 

O 

i. 

3 
2 

^  3  't;  >-> 

-^ 

.t 

-a 

eS 

CQ 

as 

O 

a 

1— ^    O  •— ' 

■*j  ^"'   C   o  n 
"   03  2         u 

D   B   (U   O  -w 

o 

to    o 

11 

o 

o 

M 

^    IC   4^  .A    OJ 

<J 

<j 

hi 

2'2  S 

03        *K   oO 

O 

S'g  OS 

n 

a3 

<o 

aJ 

« 

Q 

»— 1 

r:! 

.,  o. 

^ 

|3 

•^ 

2 

S5 

^  S  0-3 

3 

3 

3 

^ 

O 

1-:^ 

.?Ss8 

"o 

"o 

O 

"3 

O 

m 

cc 

M 

<A 

■""  aj  IJ  33 

^ 

B 
1-1 

►3 

»5 

n 

--    3    ..    O 

H 

0)  tC   <I>  S 

S 

^  Brfi   B 

^ 

j^.-  «.- 

^    JZ  H 

5;  o  ss 

SI' 

o 

.9 

3 

h3 

o 

o 

en 

aJ.B-ci   B   Eg 

^  "  c  ==  «  t:, 

2  §  cs         t^S 
a  ^          CO        .;:i 

WITH   SA 
PH08PH01 
PLATlNOJt 

M  c3         ,22 ;;:;  -^  S 

QiST:  o   B*2   Cum   a 

•5 

<1 

CO 

<1 

tn 

1 

CO 

s 

-r^  o""  ci.2 
^"3^  ^o  a 

g 

°*  ^  a  B  .S  -  aT  2 

2    «    O^5l>cao    03    en 

o 

9.  «3 

^  aj  "  =» 

• 

|« 
« 

o 
n 

a 

^2  -^  aj  .^ 
oS  w-r^  ^- 

"^  §  s  =>  g 

t»          uj    B    1*     . 

'o 

'So 

h3 

W3 

CO 

1 

s 

j=  ^  ®  s 

CJ     trl     r-;    -4-J 

•S 
'3 

3 
i— i 

•a 

s 

11 

a  2  fe 

O   OJ3 

o 

*  as 

^ 

-«i 

'S  <»  >^ 

►^  p 

^ 

^ 

«, -== 

g—   B 

o  '^ 

«  s 

-fl  o 

^ 

■13 

13 
a) 

'3 

o  S 

oi        B 
tH   jj   05 

"h 

^ 

H 

B 

^  o  a 

-s      „; 

isg 

t3 

P 

P 

^  §^  1 

„;-2^S  § 

O  H 

"S-O    3 

-52  3  o  S 
,-Q  M  a  5 

'in        "3    2 

55 
O 

hJ 

-p^^ 

^•^   3   S 

■< 

B    4^  >— 1     CQ 
1— ( 

• 

-^" 

•^ 

* 

•\ 

-l" 

M 

< 

es 

h- 1 

CS3 

• 

00 

to 

CO 

s> 

• 

OS 

s 

B 

08 


B 

o 


a> 

,a 

0) 


00 


BEHAVIOR   OF   METALLIC    OXIDES    AND   ACIDS. 


99 


b.iS  «  C  * 

«-■     _     C3     '-\     £J 


^■5 


o 


S2  8 


t-     =  CO 

_!^  •-  i)  ^ 

•^  s    g  s 

t.  £  ID  ^    OS 


3 


^2 


w     fc^     CO 

2  ^  w) 


o 


^    CE  E    fe    to 


C  a 


^  o 

-   ^"  P. 

.:£    £   OtH  O    a^ 

/-^    to  *-  "  CO  -a 


to    -3 


a  _.  V  zi 

""  ^  IS  £ 

c  O  ^   n 

o  Js^ 

.t£  ti  '3  t,- 


Si 

.Cue 


TS 
?> 


S 


a> 

C3    ^ 


CO    5 

to  1:2  ^    ST" 


3    C3    ^    iO 


^3 

e 

CI 

I— < 
03 

a 


o 


o 

l-H 


82 


o 
a 


it; 
o 

IS 

D 

K 

S  H 

Ss 

^^ 
a 


n 

o  : 

H  £ 
-«!  ' 
Ph 
O 

a 


iJ 
O 

o 

PS 

■<s 
a   . 

iz;  w 
o 

» 

O 
iJ 
■< 


o 
o 
Q 

a 
o 


nag  3 

0< 


B><' 


.fcc--  c  g  <»  _,-  2 

""  W  •"     "     T   ^  -■^ 


O    ? 


CO   o   C  .2    B.  "^ 

til    ^       ^     r— »       '*' 


-.4   a* 


TT  t;  "s  >■ 


.«    "^     ro  *n     _,     p;     i-. 

-  -  ^-    ^  s-^ 

"o      -^  ^.  ^  OS  5 
t-'-S  -c  ^  —  -s 

-    <3    bt  ^    O 


CO     a 


r  -  a  or.  s  -*     •> 


a  s 


^  s 


p. 5 


?-5-S-=  So 


g  o  =^ 

s 

O    C 


S-^^u: 


8.S 


^03    >■    03 


?    O 


-i  '^ii 


.0 
o 


o  ^ 


rn  to 


^Ti 


C3    rH 

tx.22 

I-  ^ 

03    O 


oj 

O 


CO      CO 

fcX) 
I-   0: 

s  o 

C3 

CO    ^ 

4) 

J3 


rt  o.t: 


I  E 
13 

o 


=3    ^    ^ 


P   i£ 


U)o" 


C3 


d 


.y   it 


s 
f^  8 


■p5 


O    ^ 

13  '^ 


■  o  — 

!    to  '7^ 
1    c3    o 


C  .J,  .tn 

_0:X! 

•-  J-  s 

■^03.-1 

-  en  a 

fee  OJ    P   ^ 

^  '3  to 
o  2  £ 
^  p-p 


c 
o 

u 
P4 


>>&  8 

o   _ 


a; 


T5    O    to 

G>     '-O     S 

CO    o  tt-i 


c  "^  o 

O    «    O 


is 


>~>  CO 


"J  r^--r  -= 


C    H    fe: 


CO    t.    *-  J-   *J 


g^8 


03 


Q  t-  o  =  fl  2 


Ph 


1  ^.£  ^ 


^    CO    2    O 

o  2  £ 

^      "  •—     CO 

o  t-  a 

^^      .    03-^ 

S  PPh  t-    r 
-s  S,   •  -P  [v. 


Tl!    CO 

-SIS 

3 

o  -e 


"« 


cSCh 


T3    .. 

iV.  aJ 


_S  J.  _^    0) 
c3  o    Oi 

.—  CO 

— ■  00 

tJ  to  a 

■S  to   2    kn  ; 


tS  u  ai  ^ 
Si  oj  to  O 
03   q5   03   o 


03 


o   6X)  ej   S 


S  *-  «  c  c 
S  j;  o  c3--' 
03  5  a-rt  03 

,-     P.CO     - 


a.'x  "5 


03  -u  ?; 

CO    o    o 


O    U. 


S.e   iCr? 


a.  3  ^  -^  o 

CO     "  I— '  •  -    0 


'  '  '    to 


^a  5^^'32'2  = 


e 
i-( 

o 


o 

h-t 
H 

^^ 

Eh    O 
O 


o  o 
o 


100 


plattxer's  blowpipe  analysis. 


o    . 
vj  o 

§2 


o 

a. 
H 


o 
m 

& 

es 
o  , 


o  ^ 

K  _ 
K 


o  ; 

o 
n 

a 


<: 
o 
o 
K 
<! 

n   . 

O 

o 


»■  ^  6<  S 


1> 


6 

c 

o  .a 


o 

>^ 

t> 

^ 

1- 

K 

£ 

tc 

N 

tc 

B 

c 

brj 

K 

o 

-41^ 

y 

(n 

TS    O      • 

•-  s  g 

lis 


.  .5  o  "^ 

^  ""  t3  ." 
S    rt    Si    c; 

.2 
Op4  S  cs 


1  §  -^  2 

O    ?  o 

-  te  t. 

C    «  cS 

C  J5  "«  . 

rt  -^  o 

O    S  O  frj 


•2  E  rt 

O  g  ^ 

e  8-c 


&: 

o 

« 

XI 

ej 

di 

Wl 

d 

(IJ 

N 

-rt 

2i 

03  i,js  o  =;  J 


^  £:  |«  c  ==i  8 

IK  ^     O  ^ 

^  S  "  S  c  g 


M  u  -  j2 


—  ■*-  o 

o^  8 


a; 


C 
O 

3 
sS 


c  c  • 


PU  Si- 


s  ^ 


•S  i«^ 


C3    tfi    Q    ^• 

1— •    1      to    O  -T-    D    o 


^  ?i  s 

■3  8^ 
O  tx; 


CO 


.    0^  _ 


o 


^  ;s  c-s 


ors 


Pm 


!3  S  "" 
eS  2  o 

o  ^  o 


SJ  ^  o 


«  Qj  C  >;< 

o        lo-S 


o  ci  -S 

C  o   c3 

to  to  -^r* 

a>  2   ?^ 

O)  o 


« 


a;   c 


'P^ 


ci 


■S  o 


So 
^  o 

+^    to 


t    ^ 


j3  °s 


is 


d 


H.2 
i-8 


X   g   c  =   P^^  c 

®  --^  -S  £  ■«     .2 
-«  5  §  ^'•-  ttt 

.2  "^  o       5  u  ® 

re     C     U  ^  Ji 

rt   „  «  K  C  ** 

,28     "  8  4J 
fH"  '"'5  b^  ^  8 


^-^-^   o 


c  ;= 

o 
o 


u  S2 


to    g    <^ 


t/i   Tr    S^  .5     Q 


r       O 


-g  43   iM  <C   ,,- 
8   "^    ^   >.£ 

f—  ^   o 

l"^  ^  -^  '^  **^ 


C 

i  § 

8  - 

5^    CO 

^  fcx. 

1^ 

o 

o     . 

;SfR 
%    ■ 


„  <u  ^  eS 

5-     8 

2  s.S     i 

—   Sn3  tl-l 
■/i  eS.S  g: 


a,  03 


to'  C 

to   a> 

oj  -a 

S  ^ 

^  o 

o  s 


If^i 


C 
CO    cj 


1   =S'3 


.,  > 


O 


ci   OS   o 
"O   P-.  o 


03 

s 

ceo 


_aJ  t3   o  O 


o-_= 
>.-p  J  -c  -s 


c3^^ 

o  ■" 

a 

o 


o 


to  t: 


§1 


1^    w  -t.  "T3 


*^      C3 


«•»   tj  *^ 


S  IP 

c3   O 


, -a   Q   ._"^ 


5  S—  S  "" 

to     .  'S    ^ 

r  •  •-"  Eh  ti  ^ 

.0    .  -"^  E 
O^P5  «  = 


c 

O  I, 
ox: 
bjjj: 


s  o 


'    03^ 


"i:  —  c 
o  o  o  5 
P,u  ^.  ? 

£    ^i 

P<  J-  !/.  • 

o  ^       t 
^,c  r:  ^. 

•;:  ?  £  -1 

B  ^    ^ 

O  t, 

C  SJ     • 

(U,B    J; 
CO    O  tJ  -c 

.Si;  to  C^  ■»- 


CQ 
P 

O 

?^    (^ 

W     M 


:< 


o  ^  .^ 

CO  o 


o 

M 

M 

O 


P 

M 

o 


^" 


BEHAVIOR  OF  METALLIC   OXIDES  AND  ACIDS. 


101 


o  0.2.S       > 

"   "   «   c 


.  o   aj 


«:  ' 


O    =^  ^ 


■^    ■■<    -r. 

c;.  P'S: 


S  =5  — 

3    O 


S    -  1J 


s:^o^§^'=i 


c 
O 


o  f 
^  P 


O  "  --  " — P2 


^   9 

r4)| 

if 

o    o 
u    c 

B 


— r  c 
"  So 


C3 
O 


•3  2 
"i  .2 


g  ; — ;    CO 

""  "*  > 
o 


B   B 


C  ^ 


r:^   fcC 


-B-h-S  2 


B 

O 


d 


S  -3 

5     -t? 


o  S 


O 


eS  tl- 


1^- 

•  u 
^-■hN   B 


O   fcC  . 


5  2: 


^,      CO 


B   O 


•S    B 


M    O 

"ei  -a 


-3  s  2 
2  o  S 

e/D  ^  — 


5 


i£.;:i 


'_;    iCJ3        •=    ^    9    B 


';£?"'§ 


6 


j:  >^  .  P 


c3 

OS 

5  *« «"  tc 


U    C3 

s  .'■" 

p  "o 

n    CD 

a.  a; 
P-O 


^   ^    s   i> 
aj   S   X  ^ 


S   C3   c 


c3   «J   B 


6 


3j 


B 


5J3 
B.ti 

5  ► 


^  'B 

".b    B    -^ 


fctHS.B    =-, 


.'  ti  iij 


d  to 
O 

2  d 


B 


x.t:  c  B 

«  -^  -B    P 

-B   m  "B  *3 
♦J  3:   B   2^ 

•fe  B  era, 

CO    "=    P    " 


.2  s 

V3 


6 


CO 

<1 


PhS-5--:  fctP^ 


'P5 


p  _ 


S  ■■=-.=   =   B   P 


O  ¥^C 


B    =i  — 


i   ^    i/    C3 


X5   it  «  -^ 
ry;    B    v:  --^ 

■'     P    O   2 


-*    ^    ff    — 

T--  3-  ;J-—  aj  B  P  ti,  O  .  -^  -3 
c  ^  X  c«  c 
.B    o   '*    '•'■j    C3 

p  2^^2  tx 
B  H  "S 1 '"  ^ 


= .-?  t  5  S 

O^  ■=  B^ 

o  ci  cj 

y  CO        o 


P        B 


^  J: 

O    2    ? 
>-**^  .B 


P    O  S    S 


^   ^"P 

=  -V  B  s  -3  S 
;f-t  3  ^  B  c 

:  ^  u  oS  ci  c 


;-i^ 


^  ^ 


1^ 


S-^  p  *  £ 
^^_^  ^'^  o 

£-B    B.2    O 
S        -if 

to     P5     ^  "^    *i 

"■'        to        rr        p- 
'•"     ■  ^  .2  S  Si  ^ 

2i  ^'^  B  -r^  5    - 
•oS?^?i'£p 

"^  ■•*  2  .    P  ^  ^ 

w  s  •£  >..2s  .£  j; 


(£> 


P  -B 

So 


A  B^ 

"S     «     P 

d  s   o 
"   fcJ3 

•=  =  B 

"St  C  « 


u 


■=  2Tj= 
"•=  CH  rt| 

5  B  ~    .  -^  tS 

=  2">P^  '-'^ 

^  ">    O      .    B    P 


I        I       rn 

S  S  " 
•-  SS 

9   B-B 

£  P 

:s|g  . 

ta-  3  "  y 

'    ?*  ^ 

^S  2  p 

'—  iJ    C^    c 


>.-  2  3  - 

r—     C   ^    -^    -"-a 

5   M         B  ^ 


«; 


B  a 

fi    2    Xi    B 
S  3 


.22  -B  it  5  •t<!  ^ 


o 

> 

CO 

O  .B  -=    ■*    CO    -fi^ 


.2;    ^  .i  ^  13 


o       o    .  a  ^ 

y.£^.^ 

»  r,      O  "B    2 
>  I— I  —    5  — 

OS    .  -p  £  - 


1^ 


.  i  i  -i  X  -B  .2  -^ 

OB  t^-B  cs  '.J  -2 
it  P  ,„  -r  ^  J= 
B  '■=  .2  ■"  ?        o  B     . 

^  js    5  _-.2'~  E ::  fe 

s-r  B.sl  I  =2  2  1 
P^^^bSdwTs 

CC  "    B    2   '^ 

.      -^"3  2  £  £  2  2 

.     .   i  ^   B    CO   2    B   B 


O) 


M    tJ 

wo 

»  o 


o  ^ 

.  o 


o  o 


102 


plattner's  blowpipe  analysis. 


o 


P 
O 

a 


iz; 
o 

CD 

a 

a  S 

C  5^ 


& 

-5 
^^ 

c; 
o 
n 

a 


<! 
O 
o 

» 

K    ■ 

o 


J.,  5  3 
C<1 


S  S 


d 


SCO 

S  8  to 
s  sy^    .£■- 

.S  ^<  ^''S 
•c  s  .5  o 


o 

tJDC 

SO 
o 

C 

o 


p^ 


.'S  OS 
>  1 
a   o 


s^ 


cc 


C 


=*-  S  s 
^,  >■  " 
S  <^  »» 


>>s  fcjc'-?;  2- 


1   o 


o . 

H 


c  o 


fct  p.: 

So" 

P   O  c 
CO  -a 


£  o  o 
5     -^ 


I-    .  o 

ii    ic    ~ 

S  —  c^ 
2    fcJOrt  ^ 


K 


O  V- 


o  <j 


o 

£L     m  'P     eft 


S  c 

c  o  • 


:|8 


d 


«  2 


^  i  ■-  3  -^  O 

.   ei  Jj-C   O   j? 

,1,^    t«  "73    u    CO  -j2 


O  rt 

vi  is 

CO 

<5  « 


O    O^ 
CO    o     OJ 

O 

.s  2  'I' 


e   a;  ■" 

o  a"" 
Sj  ^  S 


0-3        O 


O  q;i  Qj  ^ 
"S  "i^  •'3  — 
^^  < — .   >   o 


,  ^   CO     (^ 


c  So 


O    03 


MJ« 


O 

a 


'O    ,^    (U    « 


c:  *=  o 

•J  ^  '^'  S 


.£  o 


8| 
o  S 

^    O 


+j     CO 


s  a  o 

CO    "    O 


c-r 


2;   60 

c  o 


s 


c3    CO  CO 

S    CO'  -^    <U    (O 


S3  — -  ^ 

13   oj  13 


E-(  "is  ?i  -5  en 


2l3K) 

S   O   C   S 
C   U)  OS   ^ 

1.^ 


m 


s 
s 


11 


fcioS 


^  c 

««  c«t5 
3  s^e.S 

O    «    q;  •- 


CD     c  ,3 


■s'tic'S 
o  ^  S; 


E  Sh' 


o  ^-^ 

CJ    03  •.— 
■000 


C3  -^ 


<o 


a) 


u  ' 


C.2  i 

o       ? 

0—0 

CO    2  — ' 
rv,    O    O    O 

r--^     OS     a 
UJ     O     V     ~ 


.P5 

"P5 


III 


PU-kJ    O 

o  r;  -a 

a 


03  ^ 


S  p  S  o 
o  •'    -  - 


«  0-- 


o  2  J= 


3    ?    S  -^ 
O^    "= 

CO    q;i 

-3^3 


c 
o 

5X3 


,.^   ci 


S  3 


•-  i=  ^  ^ 


■SdS 

(3 


=  ^^^ 


.M     CO  pA 


u 

a, 
o 


•  IS   O   OS 


CO 


P^f^  e 


o« 


<B    O 

s  ^ 

=^  2 


to 

s 

o 


o  is  »^ 


PE4 

o 

Oq 
06 


3 
O 


M     tX(     t3 
POM 

5  2  5 


••-  o 

o  - 


i   to 

:  os-; 

■  13  e8 
I  O  O 
I   CO   w 


X 

oS 

o 


.22  .S 

13 
O  u 

-*-*  I— < 
'S    OS    J      . 

?  o  g  2 
c|g 

.5-73      . 


o 

3 
n3 

0) 

P^ 


•  «-<  cS  ^  -.•A 
S  ^-  o,  -° 
"^  ti        o 


.2  c 


o 


O  o 

H  ft 

.  o 
o 


t< 


BEHAVIOR  OF  METALLIC   OXIDES  AND   ACIDS. 


103 


o 

1 

o 
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0.  F.     Insoluble. 

R.  F.  Is  reduced  on 
coal,  and  the  metal 
partly  volatilizes, 
coating  the  coal 
with  oxide,  while  it 
may  partly  be  ob- 
served as  almost 
silver-white  glob- 
ules in  the  fused 
salt. 

As  with  borax  ;  the 
soda  goes  into  the 
coal. 



0.  F.     Insoluble. 

R.  F.  Is  reduced 
on  coal,  yielding  a 
gray,  magnetic, 
metallic  powder 
when  the  particles 
of  coal  are  washed 
away. 

As  with  borax,  but  the  glass 
when  treated  with   tin   on 
charcoal,  becomes  gray  and 
cloudy  on  cooling. 

>< 

n 
M 
-B 

an 

< 

0.  F.  with  a  certain  amount 
the  hot  glass  is  yellowish- 
red,  but  becomes  first  yel- 
low while  cooling,  then 
greenish,  and  finally  color- 
less. With  very  much  it  is 
dark  red  when  hot,  and  in 
cooling  becomes  brownish- 
red,  dirty  green,  and  finally 
a  less  brownish- red.  The 
colors  disappear  on  cooling 
much  sooner  than  with 
borax. 

R.  F.  The  glass  seems  un- 
changed with  a  small 
amount  of  oxide ;  with 
more  it  is  red  while  hot, 
and  on  cooling  becomes, 
first  yellow,  then  greenish, 
and  finally  reddish.  With 
tin  on  coal  it  becomes  green 
:n  cooling,  and  finally  color- 
less (protoxide). 

0.  F.  Dissolves  to  a  clear 
glass,  feebly  yellowish  while 
hot,  colorless  on  cooling, 
and  cloudy  when  much  is 
.added. 

R.  F.  The  glass  is  un- 
changed. On  coal  the  ox- 
ide is  reduced,  volatilizes, 
and  coats  the  coal  again 
with  oxide.  The  violet 
flame  is  perceptible  not- 
withstanding the  s(jda. 

0.  F.  Reduced  without 
dissolving,  but  cannot  be 
united  to  a  button,  even 
on  coal. 

R.  F.     Thesr.me. 

0.  F.     With  little  the  glass 
is  yellow  when  hot,  color- 
less on  cooling;  with  more 
it  is  red  while  hot,  yellow 
when  cold  ;  with  still  more, 
dark    red   while    hot    and 
dark  yellow  on  cooling. 
R.  F.      The  glass  becomes 
bottle-green  (i'e  |i?e).      On 
coal  with  tin  it  becomes  at 
first    bottle-green,    but    on 
longer  blowing,  vitriol-green 
(protoxide). 

O.F.  Becomes  dark 
yellow  when  heat- 
ed, but  on  cooling 
is  lighter  again,  and 
does  not  fuse. 

R.  F.  Gradually  re- 
duced and  volatil- 
ized, depositing  a 
coat  on  the  coal. 
A  very  distinct  vio- 
let-colored flame  is 
produced. 

Heated    to   ignition 
is  reduced,  but  can- 
not be  fused. 

0,  F.    Unchanged. 

R.  F.  Becomes 
black  and  magnetic 
(protosesquioxide). 
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0.  F.    Colors  very  intensely. 
The  hot  glass  is  violet  (ame- 
thyst), but  on  cooling  be- 
comes viok't-red.      An  ex- 
cess renders  the  glass  quite 
black  and  opaque,  the  color- 
ing being  only  visible  by 
pinching  the  still  soft  glass 
with  the  foi-ceps. 

R.  F.      The  glass  becomes 
colorless  (protoxide).   With 
a  very  dark  glass  this  suc- 
ceeds   better  on  coal  and 
with  tin. 

0 

0.  F.     Dissolves  easily  and 
largely  to  a  clear  glass,  yel- 
low while  hot,  and  colorless 
on  cooling.     A  very  large 
addition   produces   a  glass 
dark    yellow   to    dark    red 
while  hot,  and  opaline  to  a 
bluish-gray    enamel    when 
cold. 

0.  F.    Infusible.    In 
a  hot  enough  flame 
both  the  sesqui-  and 
peroxide  are  altered 
to     proto-sesquiox- 
ide,  yielding    oxy- 
gen,   and    turning 
brownish-red. 

R.  F.     The  same. 

1 

s    • 
-co 

to    "^ 

O.F.  Fuses,  spreads 
out,  volatilizes,  and 
forms  at  a  certain 
distance,  a  yellow- 
ish, pulverulent 
coat,  consisting  of 
small  crystals  near- 
est the  assay.    The 
coat  becomes  white 
on  cooling,  and  the 

16,  Sesqui- 

OXIDE   OF 

Manganese, 
En. 

17.  Protoxide 

OF 

Mercury, 

fig- 

18.  Molybdic 
Acid, 

Mo. 
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s 

While  hot  is  gray, 
but    on    cooling 
becomes      dirty- 
green.    With  too 
strong  a  heat  it 
sinters,  and   the 
perfectly     cold 
assay   appears 
dark  gray  where 
most    strongly 
heated. 

O 

U.J*".   With  an  equal 

voliimo      of      soda 
fuses  with  efferves- 
cence ;    with   more 
soda  goes  into  the 
coal. 
R.    F.      The  same. 
It    cannot    be    re- 
duced to  metal. 

* 
Like  molybdic  acid. 

Is   very    easily   re- 
duced to  an  infusi- 
ble      metallic 
powder,  which  can 
be    obtained    pure 
by  washing    away 
the  coal,  etc. 

KJ.  JP.     i^issoives  largely  to 

a  clear  glass,  yellow  while 
hot,  but  colorless  on  cool- 
ing. 
R.  F.      With  a  very  large 
addition  the  glass  becomes 
brown.      The    addition    of 
sulphate  of  iron  causes  a 
blood-red  bead. 

The  acid  prepared  from  the 
sesquichloride       (unterniob- 
chlorid)  behaves  as  follows : 

0.  F.     Added  in  large  quan- 
tity it  dissolves  to  a  grcen- 
ish-blue    glass,    which,    on 
continued  blowing,  becomes 
clear  and  colorless. 

R.  F.      Becomes  pure  blue 
(on  coal  pale  brown),  and 
with  addition  of  sulphate  of 
iron     becomes     blood  -  red. 
The  acid  prepared  directly 
from  columbitc,  and  puri- 
fied,  yields  only  a  brown 
glass  m  the  inner  flame. 
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B.  General  rules  for  qualitative  blowpipe  examinations, 
by  which  the  separate  constituents  of  compound  sub- 
stances can  be  detected  with  the  peirtial  aid  of  the 
w^et  process. 

In  the  examination  of  compound  substances  with  the  aid  of  the 
blowpipe  the  wet  process  is  frequently  indispensable  when  all  of  the 
ingredients  are  to  be  detected,  but  even  then  the  blowpipe  is  advan- 
tageously used,  not  only  in  carrying  out  various  necessary  operations, 
bat  also  as  a  means  of  controlling  the  results  and  further  examining 
the  isolated  constituents. 

Before  proceeding  to  decompose  the  substance  by  the  wet  way,  its 
behavior  before  the  blowpipe  should  be  ascertained,  and  from  this 
the  nature  of  the  compound  inferred;  whether  it  is  a  salt  of  the 
alkalies,  earths,  or  heavy  metals,  or  a  silicate,  and  whether  the  com- 
pounds contain  easily  reducible  metallic  oxides;  further,  whether  it 
is  a  combination  of  metallic  oxides,  or  of  sulphides  or  selenides,  or 
of  various  metals  with  one  another,  in  which  latter  division  the 
metallic  arsenides  and  tellurides  are  also  to  be  placed.  The  further 
examination  is  essentially  facilitated  by  knowing  under  what  class 
of  compounds  the  unknown  substance  belongs. 

When  the  compounds  are  insoluble  in  water,  the  most  usual  sol- 
vent is  hydrochloric  acid,  and  if  solution  does  not  take  place  at  the 
usual  temperature,  the  glass  is  heated  over  the  spirit-lamp.  Effer- 
vescence indicates  either  the  presence  of  a  carbonate,  when  the  car- 
bonic acid  gas  escapes  without  any  odor ;  or  of  a  metallic  oxide  at  a 
high  stage  of  oxidation,  and  then  chlorine  gas  escapes  and  is  recog- 
nized by  its  pungent  odor.  The  latter  phenomenon  occurs,  for 
example,  when  the  mineral  contains  sesquioxide  or  binoxide  of  man- 
ganese, which  are  transformed  into  protochloride.  The  solution  is 
then  diluted  with  distilled  water  and  examined  for  the  various  earths 
and  acids,  as  will  be  directed  under  the  separate  examinations. 

The  testing  of  silicates  with  hydrochloric  acid  is  of  especial  im- 
portance. Quite  a  number  are  wholly  decomposed  by  it,  the  bases 
dissolving,  while  the  silicic  aeid  separates  either  in  a  gelatinous  or 
pulverulent  (and  then  usually  rather  voluminous)  state.* 

*  To  detennine  whether  silicates  and  other  combinations  of  the  earths  and  metallic 
oxides  are  decomposed  by  acids,  the  fine  powder  is  boiled  for  some  time  with  the  acid, 
and  a  portion  of  the  fluid  tested  with  ammonia  and  phosphate  of  soda.  If  a  consider- 
able precipitate  is  formed  decomposition  has  taken  place,  but  if  only  a  few  flocks  are 
thrown  down  the  substance  is  either  not  decomposed,  or  only  with  difficulty. 
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When  the  silicate  is  entirely  decomposable,  the  whole  is  diluted 
with  water,  filtered,  and  the  filtrate  examined,  as  will  be  directed 
nnder  the  examination  of  silicates,  for  the  various  earths.  Should  it 
not  be  wholly  decomposed,  another  small  portion  must  be  decom- 
posed by  fusion  with  carbonate  of  soda  and  borax,  as  will  be  described 
directly. 

In  certain  cases  it  is  necessary  to  fuse  a  substance  with  nitre  when 
examining  it  for  a  single  ingredient,  which  is  thus  more  highly 
oxidized  and  combined  as  an  acid  with  the  potassa  of  the  nitre,  from 
which  it  can  be  more  readily  separated  and  then  recognized.  Some- 
times, also,  it  is  necessary  to  fuse  a  substance  with  bisulphate  of 
potassa,  and  to  dissolve  the  fused  mass  in  water,  in  order  either  to 
free  it  at  once  from  certain  constituents,  or  to  convert  the  whole  into 
sulphates,  and  then  proceed  with  the  separation  of  the  different 
constituents  after  solution  in  water. 

Decomposition  of  the  substances  ly  fusion  with  soda  and  borax,  and 
treatment  of  the  fused  mass  tvith  hydrochloric  acid. 

Seventy-five  to  one  hundred  milligr.  of  the  very  finely  powdered 
substance  being  mingled  with  soda  and  borax  *  in  the  agate  mortar, 
the  whole  is  wrapped  in  a  soda-paper  cylinder,  made  of  fine  filter 
paper,  and  fused  before  the  blowpipe  in  a  cylindrical  hole  on  char- 
coal, or  in  a  charcoal  crucible.  The  quantity  of  flux  depends  on  the 
fusibility  of  the  substance.  Generally,  one  part  by  weight  of  soda 
and  one  of  borax  suffices ;  but  the  borax  must  be  increased  up  to 
two  parts  when  the  substance  contains  much  magnesia,  alumina, 
glucina,  or  zirconia,  while  a  considerable  amount  of  barite  requires 
an  increase  of  both  borax  and  soda. 

The  0.  F.  may  be  employed  if  the  substance  has  been  found  free 
from  easily  reducible  oxides,  but  otherwise,  as  in  the  case  of  certain 
slags,  the  E.  F.  must  be  used,  so  as  to  reduce  and  separate  these 
oxides  in  the  metallic  state. 

Usually  the  quantity  of  reducible  oxides  is  so  small  that  they  can- 
not easily  be  reduced  to  a  single  button,  and  then  about  sixty  to 
eighty  milligr.  of  silver,  or,  still  better,  gold,  should  be  added  in  the 
form  of  a  button  and  the  charge  treated  with  the  E.  F.,  just  as 
directed  for  the  charge  in  the  quantitative  copper  assay,  p.  443. 
During  this  operation  the  earthy  constituents  and  the  difficultly 
reducible  oxides  dissolve  in  the  glass  which  is  formed  by  the  borax 

*  The  boracic  acid  being  combined  with  the  soda,  exercises  no  injurious  effect  during 
the  subsequent  decomposition  of  the  fused  compound  by  the  wet  process. 
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and  soda,  and  melt  to  an  easily  fusible  bead.  The  acids  of  arsenic 
and  the  easily  reducible  oxides  are  reduced,  while,  in  presence  of 
sulphuric  acid,  there  is  a  partial  formation  of  sulphide  of  sodium, 
and  part  of  the  sulphur  combines  with  the  reduced  metals.  The 
reduced  arsenic  is  partly  taken  up  by  these  metals  and  partly  vola- 
tilized, while  the  non-volatile  reduced  metals  unite  together  and  melt 
with  the  silver  or  gold  to  an  easily  fusible  globule,  which  goes  to  one 
side  of  the  glass.  The  oxides  of  the  metals  that  remain  dissolved  in 
the  glass  are  present  in  the  lowest  stage  of  oxidation. 

Such  a  fusion,  whether  with  the  0.  F.  or  E.  F.,  must  be  accom- 
plished with  an  active  flame  and  with  .proper  patience,  since  other- 
wise no  thorough  decomposition  of  the  substance  can  be  effected. 
The  fused  glass  must  be  quite  fluid,  as  clear  as  possible,  and  free 
from  bubbles  and  metallic  particles.  If  the  glass  continues  to  froth 
or  show  bubbles  after  long  blowing,  this  is  a  sign  that  either  the 
solution  of  the  non-reducible  portions,  or  the  reduction  of  the 
reducible  oxides,  is  not  completed,  and  the  fusion  must  be  continued 
with  a  lively  flame. 

An  assay  which  has  been  fused  in  the  0.  F.  is  taken  from  the  coal 
when  it  has  solidified,  and  after  cleaning  it  from  any  adherent  coal 
with  the  knife  and  brush,  is  first  broken  up  in  the  steel  mortar,  or 
between  paper  on  the  anvil,  and  then  pulverized  in  the  agate  mortar. 
It  must  be  entirely  reduced  to  powder,  otherwise  portions  of  the 
glass  are  apt  to  remain  undissolved  in  the  subsequent  treatment 
with  acids,  and  it  must  be  pulverized  immediately,  or  else  the  fused 
glass  will  absorb  moisture  readily  from  the  air,  becoming  tough  and 
difficult  to  pulverize. 

When  the  assay  has  been  fused  in  the  R.  F.  and  a  metallic  button 
reduced  from  it,  or  when  it  is  presumed  that  the  silver  or  gold  added 
has  been  melted  to  a  globule  with  the  reduced  metals,  the  assay  must 
still  be  kept  in  a  quite  fluid  state  by  means  of  a  good  E.  F.,  and 
made  to  flow  slowly  from  one  point  of  the  coal  to  another,  until  it  is 
certain  that  the  glass  is  quite  free  from  globules  of  metal  and  bub- 
bles, while  the  metal  is  united  to  one  globule  beside  it.  After  satis- 
factorily accomplishing  this  the  blast  is  stopped  and  the  assay  set 
aside  until  quite  cold,  when  it  is  removed  with  the  forceps,  the 
metallic  button  separated  from  the  glass  iu  the  steel  mortar,  or 
between  paper  on  the  anvil,  and  the  glass  pulverized  after  cleansing 
it  from  any  adherent  coal.  When  the  E.  F.  has  not  been  pure  or 
strong  enough,  part  of  the  reducible  oxides  may  remain  and  exert 
an  injurious  influence^  upon  the  further  decomposition  of  the  fused 
glass. 
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The  oxides  which  can  be  easily  reduced  by  the  foregoing  treat- 
ment, and  thus  stparated  from  the  earths  and  non-reducible  oxides, 
are:  the  acids  of  arsenic  and  antimony,  and  the  oxides  of  silver, 
mercury,  copper,  bismuth,  thallium,  lead,  tin,  zinc,  indium,  cad- 
mium, and  nickel.  Tellurium,  osmium,  gold,  platinum,  iridium, 
rhodium,  and  palladium  only  occur  in  nature  in  the  metallic  state, 
and  can  therefore  readily  be  separated  from  the  non-reducible  oxides 
and  earths  by  the  addition  of  silver  or  gold.  The  volatile  metals 
either  escape  entirely  in  fumes  during  the  fusion,  or  only  in  part, 
some  of  them  coating  the  coal,  while  those  that  remain  unite  with 
the  added  silver  or  gold.  The  manner  of  conducting  the  further 
examination  of  the  reduced  metals  may  be  inferred  from  the 
remarks  upon  alloys  in  the  detailed  examinations  which  follow. 

The  oxides  of  the  heavy  metals  which  cannot  be  reduced  by  fusion 
in  the  K.  F.  with  soda  and  borax,  are :  the  oxides  of  chromium,  ura- 
nium, cobalt  (in  the  absence  of  arsenic  acid,  or  when  the  cobalt  is 
not  present  in  too  great  quantity),  iron,  manganese,  and  cerium ; 
and  the  following  acids:  molybdic,  tungstic,  tantalic,  uiobic,  and 
titanic.  The  above  oxides  can,  however,  be  readily  separated  again 
from  the  earths,  for  the  most  part,  and  recognized  before  the  blow- 
pipe, as  directed  in  the  various  qualitative  examinations. 

After  finely  pulverizing  the  fused  glass,  it  is  moistened  with  an 
abundance  of  water  in  a  porcelain  dish.  Fig.  63,  and  then  as  much 
hydrochloric  acid  is  added  as  will  dissolve  all  of  the  powder  and 
leave  some  free  acid.  The  dish  is  placed  upon  the  evaporating  ring. 
Fig.  7,  over  the  lamp  flame,  and  the  powder  stirred  with  a  slender  glass 
rod,  until  the  soluble  portions  have  been  separated  from  the  insolu- 
ble. The  presence  of  sulphide  of  sodium,  always  formed  if  the 
substance  contains  sulphuric  acid  or  sulphur,  causes  evolution  of 
sulphuretted  hydrogen ;  the  other  constituents,  excepting  silica,  are 
converted  into  chlorides  and  dissolved  by  the  dilute  acids.  Occasion- 
ally almost  all  of  the  silica  also  goes  into  solution.  Since  usually 
only  combinations  of  silicic  acid  are  decomposed  by  fusion  with  soda 
and  borax,  it  rarely  happens  that  molybdic,  tungstic,  tantalic, 
niobic,  and  titanic  acids  are  here  met  Avith.  After  effecting  the 
solution,  the  whole  is  evaporated  to'  dryness,  and  this  should  be  done 
where  the  vapors  may  not  escape  into  the  laboratory,  in  case  too 
much  free  acid  is  present.  The  evaporation  should  be  conducted 
gradually,  especially  toward  the  end,  and  carried  to  dryness,  so  as  to 
remove  the  excess  of  acid  and  to  render  compact  the  silica,  which 
separates  in  a  gelatinous  state  during  the  process. 

AV^hen  the  solution  has  been  evaporated  to  dryness,  so  that  only  the 
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slightest  possible  odor  of  escaping  acid  vapor  can  be  percei-ved,  the 
mass  is  moistened  with  hydrochloric  acid,  and  after  some  time  is 
covered  with  distilled  water.  Then  the  dish  is  set  over  the  lamp 
flame,  in  order  to  dissolve  the  chlorides  and  separate  them  from  the 
insoluble  portion,  Avhich  in  substances  decomposed  in  this  way  gen- 
erally consists  of  silica  alone.  The  silica  can  be  very  readily  separated 
from  the  solution  by  filtration  and  washing  with  water,  after  which 
it  may,  if  necessary,  be  tested  B.  B.  with  soda. 

Sesquioxide  of  iron  is  reduced  during  the  fusion  to  protoxide,  and 
is  not  perfectly  restored  to  the  state  of  sesquioxide  during  the  treat- 
ment with  hydrochloric  acid,  and  least  perfectly  when  there  is  very 
much  iron  present.  This  being,  however,  essential  to  the  certain 
detection  of  the  separate  ingredients,  the  filtrate  from  the  silica,  with 
the  first  portions  of  the  wash  water,  must  be  boiled  in  a  test  tube, 
with  a  few  drops  of  nitric  acid,  so  as  to  convert  the  protoxide  of  iron 
into  sesquioxide.  The  nitric  acid  necessary  for  the  peroxidation  of 
the  iron  may  be  added  at  once,  before  the  evaporation,  when  it  is  not 
desirable  to  have  regard  to  the  formation  of  sulphuretted  hydrogen, 
which  may  ensue  on  treating  the  fused  assay  wath  hydrochloric 
acid. 

The  bases  cgntained  in  the  filtrate  from  the  silica  are  separated  by 
methods  that  will  be  given  under  the  detailed  qualitative  examina- 
tions for  different  earths. 

Fusion  of  sithstances  with  nitre  or  hisulpTiate  of  potassa. 

This  fusion  is  sometimes  performed  simply  in  the  loop  of  a  plat- 
inum wire,  but  oftener  in  the  platinum  spoon.*  Powdered  and 
friable  substances  are  at  once  mixed  in  a  finely  pulverized  state  with 
the  necessary  amount  of  nitre  in  the  agate  mortar;  metallic  com- 
pounds and  alloys  which  cannot  be  powdered  should  be  divided  as 
finely  as  possible  by  hammering  or  filing.  The  quantity  of  nitre  de- 
pends upon  the  character  of  the  substance  to  be  oxidized  ;  ordinarily 
three  to  four  volumes  are  employed,  unless  the  substance  has  a  very 
high  specific  gravity.  When  but  one  ingredient  is  sought  for,  the 
fnsion  may  be  performed  on  platinum  wire,  after  mixing  the  whole 
into  a  paste  with  water.  A  portion  is  smeared  in  the  loop  and  fused 
in  the  0.  F.  until  it  ceases  to  foam,  when  a  fresh  portion  is  smeared 
on  and  fused,  continuing  the  operation  until  the  volume  of  the  fused 
mass  is  so  great  that  it  would  no  longer  adhere  to  the  wire.     The 

*  The  nitre  oxidizes  the  surface  of  the  platinum,  it  is  true,  but  so  slightly  that  its 
jfFects  on  the  spoon  need  not  be  feared. 
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wire  should  be  kept  in  an  inclined  position,  with  the  loop  turned 
downward,  as  the  nitre  has  a  tendency  to  flow  down  the  wire. 

When  it  is  suspected  that  the  substance  contains  an  extremely 
small  amount  of  the  body  sought  for,  or  when  it  is  designed  to  oxid- 
ize several  ingredients,  in  order  to  treat  them  further  in  that  state, 
or  if  an  alloy  which  cannot  be  powdered  is  under  treatment,  a  some- 
what larger  quantity  must  be  used,  and  the  fusion  performed  in  the 
platinum  spoon.  The  whole  mixture  should  not,  however,  be  poured 
into  the  spoon  at  once,  but  at  first  only  small  portions,  since  gases 
and  vapors  escape  during  the  fusion,  and  may  easily  cause  the  melt- 
ing mass  to  run  over.  At  first  the  bottom  of  the  spoon  is  heated 
with  the  0.  F.,  which  is  then  directed  into  the  spoon,  and  the  whole 
fused  until  it  becomes  quiet.  The  remainder  of  the  mixture  is  then 
added  in  similar  portions,  and  fused  after  each  addition  until  it 
ceases  to  froth  strongly.  The  position  of  the  spoon  should  mean- 
while be  altered,  so  that  every  part  of  the  mixture  may  be  reached 
by  the  flame,  and  the  spoon  always  appear  red  hot. 

Only  those  alloys  can  be  fused  with  nitre  in  the  spoon  which 
oxidize  readily,  and  do  not  combine  with  the  platinum  at  the  tem- 
perature which  can  be  produced  by  the  blowpipe.  The  fusion  of 
such  compounds  with  nitre  is  projierly  limited  to  the  detection  of 
very  trifling  quantities  of  arsenic  in  metals  from  Avhich  it  can  only 
be  separated  with  difficulty,  and  which  are  very  infusible,  e.g.,  nickel 
and  cobalt. 

The  fusion  of  substances  with  bisulphate  of  potassa  is  always 
effected  in  the  larger  platinum  spoon,  in  the  same  way  as  with  nitre, 
and  most  suitably  over  the  spirit-lamp.  The  substance  must  be  per- 
fectly dried,  previously  reduced  to  fine  powder,  and  elutriated,  if 
decomposed  with  difficult}'.  If  melted  by  the  blowpipe  flame  the 
too  strong  heat  is  very  liable  to  partially  expel  the  sulphuric  acid 
from  some  of  the  sulphates  formed  by  the  fusion;  but  if  the  spirit 
flame  is  employed,  and  the  spoon  at  first  only  kept  dii'ectly  over  the 
tip  of  the  flame,  until  most  of  the  gases  have  escaped,  and  tlien  held 
deeper  in  it,  the  heat  acts  equally  upon  the  bottom  of  the  spoon  all 
around,  the  fusing  mass  is  only  brought  to  low  redness,  and  the 
resulting  salts  are  not  destroyed.* 

When  much  of  the  bisulphate  must  be  used,  the  spoon  frequently 
becomes  filled  before  all  of  the  mixture  has  been  charged,  and  then 


*  It  is  advantageous  in  these  fusions  to  surround  the  flame  with  a  sheet-iron  cylinder, 
reaching  about  to  the  top  of  the  flame,  and  which  rests  on  the  glass  lamp,  having 
several  openings  at  its  lower  end. 
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the  fluid  mass  must  be  poured  out  upon  the  anvil,  and  the  remainder 
of  the  mixture  fused.  It  is,  indeed,  always  advisable  to  pour  out 
the  mass,  as  it  can  then  be  readily  pulverized  in  the  steel  mortar 
when  cold,  and  thus  more  quickly  dissolved  in  water.  The  quantity 
of  bisulphate  of  potassa  depends  upon  the  various  constituents  of  the 
substance  to  be  fused  ;  thus,  for  protoxide  of  iron  3.G  parts  by  weight 
of  bisulphate  are  required  to  convert  it  into  sulphate;  for  lime,  4.5; 
for  magnesia,  6;  for  alumina,  7.8.  It  is  always  more  prudent  to 
employ  rather  more  of  the  acid  salt  than  is  exactly  required,  since 
alumina  and  the  oxides  of  iron  are  liable  to  lose  a  part  of  their  com- 
bined sulphuric  acid  at  a  long  continued  high  temperature. 

The  firm  mass  resulting  from  the  fusion  of  a  substance  with  nitre 
or  bisulphate  of  potassa,  whether  on  platinum  wire  or  in  the  spoon, 
when  not  poured  out  cannot  well  be  pulverized  and  thus  dissolved 
in  water,  because  the  platinum  may  easily  be  injured  in  detaching  it. 
It  is  therefore  necessary  to  lay  the  wire  or  spoon  with  the  fused  mass 
in  a  porcelain  dish  of  suitable  capacity,  pour  over  it  the  amount  of 
water  necessary  for  solution,  and  set  the  vessel  upon  the  evaporating 
ring  over  the  lamp.  As  the  water  becomes  hot  the  mass  generally 
separates  from  the  platinum  and  can  be  crushed  Avith  the  pestle  of 
the  agate  mortar.  In  most  cases  the  water  may  be  heated  to  boiling 
and  the  salt  thus  readily  dissolved ;  but  when  a  substance  containing 
titanic  acid  has  been  fused  with  bisulphate  of  potassa,  in  order  to 
make  the  titanic  acid  sellable,  and  the  fused  mass  has  been  covered 
with  more  Avater  than  Was  exactly  required  for  its  solution,  the  latter 
must  not  be  boiled,  or  else  the  titanic  acid  will  be  imperfectly  dis- 
solved, and  that  which  had  been  dissolved  at  a  lower  temperature 
will  be  thrown  down  again. 

These  operations  in  the  wet  way  afford  residues  and  precipitates, 
which  after  filtration  are  to  be  further  examined  and  must  therefore 
generally  be  dried.  When  there  is  enough  of  the  mass  the  filter  is 
spread  open  upon  a  double  layer  of  blotting  paper,  the  mass  scraped 
off  with  a  spatula,  transferred  to  a  porcelain  dish,  and  dried  over  the 
lamp.  When  there  is  but  little  of  it,  the  folded  filter  is  held  up  to 
the  light,  the  empty  portion  cut  away  with  the  scissors,  and  the 
remainder,  with  the  adhering  mass,  dried  immediately  in  the  dish 
over  the  lamp.  The  dry  paper  is  then  doubled  together,  hung  upon 
a  platinum  wire,  ignited  at  one  end,  and  burned  over  a  clean  porce- 
lain dish,  which  receives  the  residue,  mingled  Avith  a  little  coal. 
These  coaly  particles  may  be  very  easily  burned  aAvay  in  th  •  plati- 
num spoon,  but  this  is  not  necessary  Avhen  the  dry  mass  is  to  be 
further  treated  with  fluxes,  as  they  are  thereby  consumed. 
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The  chemical  operations  ordinarily  performed  in  making  examin- 
ations in  the  wet  way,  such  as  precipitating,  decanting,  filtering, 
washing,  etc.,  need  not  be  further  mentioned  here,  since  probably 
every  one  who  engages  in  blowpipe  analysis  will  have  some  knowl- 
edge of  them,  or  the  requisite  information  can  be  obtained  from  any 
manual  of  chemical  analysis. 


II.  Qivalitative  examination  of  Minerals,  Ores, 
and  Metallurgical  products  before  the  blow- 
pipe for  7}%etallic  and  non-metallic  elements. 

In  this  division  the  description  of  each  examination  is  preceded — 

1.  By  the  enumeration  of  all  the  minerals  and  metallurgical  pro- 
ducts in  which  the  substance  sought  for  constitutes  an  essential 
ingredient. 

2.  In  case  of  the  silicates,  which  are  less  easily  distinguished  from 
one  another  than  the  other  oxidized  minerals,  their  behavior  alone 
before  the  blowpipe,  with  regard  to  their  relative  fusibility,  is  indi- 
cated immediately  after  the  name  of  the  mineral,  by  means  of  the 
numbers  I,  II,  III,  and  the  letter  A,  because  this  facilitates  the  com- 
parison of  the  mineral  in  question  with  minerals  already  determined. 

I  denotes  that  the  silicate  fuses  readily  to  a  bead  j 
I — II  "  "    it  fuses  with  difficulty  to  a  bead ; 

II  "         "    it  can  be  easily  fused  on  the  edges ; 
II — III       "         "    it  fuses 'with  difficulty  on  the  edges; 

III  «         "    it  is  infusible ; 

A  "      bubbling,  intumescence,   frothing,  and  ramifica- 

tion. 

3.  The  behavior,  so  far  as  known,  of  salts  insoluble  in  wdter, 
silicates,  aluminates,  and  combinations  of  metallic  oxides,  in  a 
powdered  state,  with  hydrochloric  acid,  is  indicated  by  the  following 
symbols — 

1  denotes  that  the  mineral  is  perfectly  dissolved  or  decomposed 

by  hydrochloric  acid  ; 
IG        "      that  in  case  of  silicates  the  silica  separates  in  a  gelat- 
inous state ; 
1 — 2        "       that  the  mineral  is  decomposed  or  dissolved  with  dif- 
ficulty ; 

2  "       that  it  is  imperfectly  dissolved  or  decomposed ; 

3  "       that  it  is  insoluble  or  nndecomposable  in  the  acid. 
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4.  To  aflbrd  a  better  survey  of  the  composition  of  the  minerals, 
the  chemical  formula  is  annexed  to  each,  and,  with  few  exceptions, 
where  first  mentioned. 

5.  In  the  case  of  minerals  which  are  of  especial  interest  to  the 
miner  and  smelter  on  account  of  the  metal  in  them,  the  percentage 
of  tlie  metallic  ingredients  is  given,  so  that  the  proportion  of  metal 
found  by  the  blowpipe  in  any  mineral  under  examination  may  be 
readily  compared  with  that  of  some  known  mineral. 


A.  Examinations  for  Alkalies  and  Earths. 

1.   POTASSA,   K. 

Its  occurrence  in  the  mineral  hiyigdom. 

Potassa  is  never  found  free,  but  only  in  combination  with  chlorine 
and  sulphuric  and  nitric  acids  in  certain  salts,  and  with  silicic  acid 
in  several  silicates. 

a.  With  chlorine  in — 
Sylvite,— KCl; 

Carnallite,— KCl  +  2  Mg  CI  +  12  ££ ; 
Kremersite,— (K,  NH^  CI  +  Fe*  CP  +  3  fi. 

b.  With  sulphuric  acid  in^- 
Aphthitalite  [glaserite), — 1^  S; 

Miseinte,— ]£  S' ;  Dana  gives  {^'K  +  ^ti)  H,  or  iS]  S  +  fl  'S  ; 
Alunite  2, — 1^  8  +  Al  b''  +  2  Al  HV  usually  mixed  with  some  §1, 

Na  S',  Ca  S,  and  Ba  8  ; 
Lowigite,— 1£  S  +  3  Al  !S  +  9  fi ; 
Kalinite  {potash  alum),—K  h'  +  Al 'S'  +  24  fi  ; 
Picromerite, — S!  S  +  I^'Tg  S  +  6  fl  ;  Tcainite  from  Stassfurth  is  shown 

by  Keichardt   to   be  only  picromerite,  containing  chloride   of 

magnesium,  and  sometimes  also  of  sodium,  as  an  impurity. — 

Dana. 
Cyanochroite,— £  S  +  Cu  8  +  6  fi ; 
Polyhalite,— [(S:  S  +  flg  S)  +  £[]  +  (2  Ca  "S  +  fi),  excl.  a  little  Na 

CI  and  ¥q  ; 
Gelbeisenerz,  halihaltiges  {jarosite),  1, — 4  ^e  S'  +  ^S!  S  +  9  fl,  excl.  ?. 

little  Oa  b*  and  NH'  Ob ;  contains  46.7  £*e ; 
Jarosite  (containing  a  little  less  alkali), — S!  S*  +  5  l^e  S*  4  10  l&j 
Voltaite,— S,  Al,  ¥q,  f^e,  iL,  1l. 
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c.  With  nitric  acid  in — 

Nitre,— iL  iS",  almost  always  mingled  with  oth^r  salts,  e.  g.,  Ca  S, 
KCl; 

d.  With  silicic  acid  in  various  silicates. 

a.  In  anliydrous  silicates,  or  such  as  yield  but  little  water  la 
the  matrass — 

Leucite  III,  1, — £  Bi  +  Al  Si',  inch  more  or  less  I^a ; 

Hyalophane  d,—k  Si  +  Al  Si' ;  U  =  %  l3a,  (]?J"a,  Oa,  iig) ; 

Orthoclase  II,  3,  (incl.  ordmarj  potash  feldspar,  adularia,  valencian- 
ite,  aventurine  feldspar  in  part,  amazonstone,inicroclin,  loxoclase, 
chesterlite,  perthite,  etc.),  as  well  as  the  glassy  feldspar  from  vari- 
ous localities, — ^  Si'  +  Al  Si',  frequently  containing  a  little 
^a,  Ca,  Jd^g,  'Eq  ; 

Mica  {potash  mica,  muscovite),  free  from  lithia  ;  generally  white, 
but  also  brown,  green,  and  other  colors ;  I  or  II  (according  to 
the  amount  of  A'l),  3,-3  Al  ^i  +  I^  Si',  also  %  Si'  +  ft  Si.  It 
usually  contains  also  a  little  ]S"a,  Oa,  JVIg,  ]VIn,  ^e,  F,  and  fl. 
The  F  never  exceeds  1  per  cent. ;  the  water  varies  from  1  to  6  per 
cent.,  generally  between  2  and  4  per  cent.  Fuchsite  contains 
4  per  cent.  Or; 

Lepidolite  {lithia  mica)  I  A,  2 ;  nearly  3  AlSi'  +  2  LiSi  +  (K  F, 
Si  F*).  In  general*  resembles  the  preceding,  but  Li,  JVIn,  and- 
3^n  are  more  prominent.  There  it  less  fi[  and  essentially  more 
F,  from  1.4  to  10.2  per  cent.  In  lepidolite  from  Kozena  in 
Moravia,  Hebron,  Me.,  and  Zinnwald,  Bohemia,  rubidium  and 
caesium  have  been  found  ;  in  the  latter  also  thallium. 

Magnesia  micas ;  generally  darker  in  color,  green,  brown,  or  black, 
but  also  of  lighter  color.  II  and  II-III,  3  (1  in  sulphuric  acid, 
Dana).  Here  are  included:  Phlogopite, — nearly  6  IV  Si  +  AP 
Si',  ft  =  Slg,  'K,  (Na,  l?e) ;  and  ^lo^tVe,— generally  3  ft'  Si 
+  Ar  Si',  ft  =  Mg,  It,  ]^e.  The  magnesia  is  essential  and 
rises  as  high  as  30  per  cent.  Alumina  is  less  abundant  than  in 
muscovite.  Fluorine  is  nearly  always  present,  and  water  gen- 
erally. The  potassa  varies  from  4  to  13  per  cent.  Chromglim- 
mer,  a  magnesia  mica  containing  nearly  6  per  cent.  Or,  Certain 
micas  containing  magnesia  and  potassa  have  from  1  to  3.3  per 
cent,  titanic  acid. 

Astrophyllite  I  A,  1  (Dana),— perhaps  3  ft'  Si  +  ft'  Si',  ft  =  K,  IS^a, 
Uln,  fe;   R  =  Al,  ^e  ;  also  I'i  and  2r. 

Lepidomelane  I-II,  1,— mostly  ft  Si  +  ft  Si ,  ft  =  !£,  Ka,  '^Ig,  Ca, 
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li^e,  and  Sin.    Annite,  from  Cape  Ann,  is  like  lepidomelane  in 

its  physical  characteristics ;  lithia  has  been  found  in  it,  but  is 

perhaps  due  to  associated  cryophyllite.    Dana. 
Cryophyllite  I  A,  1,-9  li  Si  +  4  E  Si',  !&  =  J'e,  K,  Li  (and  a  trace 

of  lia.,  ^h,  Cs).    Dana. 
Baulite  {kraUite)  II,  3,— (Na,  %  Ca)  Si'"  +  Al  Si'* ; 
Diploite  {latrohite)  II  A,  3, — classed  with  anorthite  by  Dana ;  vide 

lime. 
Nephelite  II,  IG,   )  — (l5"a,  t)'    Si'  +  2  AP  Si%  excl.  Ca,  Mg,  fe, 
Elffioiite  I  A,  IG,  J  fi ; 

Couserauite  I-II,  3,-2  =^1  Si'  +  3  (iS:,  ll^fa,  Ca,  IVEg)  Si,  and  some  f'e; 
Weissite  II,— 3  {J^g,  '^e,  Sin,  ]&,  Na)  Si  +  2  Al  Si',  perhaps  falilu- 

nite. 
Pearlstone  {spliemlite)  II  A,— Si,  Al,  £,  ISTa,  Ca,  IVIg,  ^e,  IVIn,  fl ; 
Tachylyte  I,  1, — Si,  Al,  J'e,  lilg,  Ca,  ]?^a,  'K,  (Sin) ;  Jiyalomela7i  is  a 

similar  mineral  containing  'IM,  fl!,  and  NH' ;  Dana. 
Sideromelane, — Si,  Al,  l^e,  Ca,  JVIg,  ]?fa,  £. 

Melilite  I,  IG,  )  —3  K^  Si"  +  K"  Si',  fi  =  Ca,  Sig,  iff  a,  S; 

Humboldtilite  I-II,  IG,  |  jg,  =  :4,i^  ^e. 

/3.  Hydrous  silicates : 
Algerite  II-III  A,— iS:  Si"  +  2  Al  Si"  +  3  %  probably  altered  scapo- 

lite;  Dana. 
Damourite  II  A,  1  (in  AH),— S:  Si'  +  3  Al  Si  +  2  fl ; 
Agalmatolite  II-III,  3, — nearly  3  Al  Si"  +  £  Si'  +  3  fl ;  pinite  in 

part. 
Eosite  II,— ll  Si  +  Al"  Si'  +  2  fi  ;  fe  =  ]S:,  Ca,  Mg;   inlsoiiite  and 

polyargite  are  similar  to  rosite. 
Oncosin  I-II  A,  3,— nearly  [t.  Mg)"  Si'  +  3  ^il  Si"  +  3  ll;  related 

to  agalmatolite. 
Gismojidite  {zeagonite)  I-II  A,  IG, — (Ca,  £)  Si  +  Al  Si  +  4  fl, 

nearly ; 

Apophyllite  I  A,  1,-4  Ca"  Si'  +  £  Si'  +  16  fi  ;  always  contains  F 
(0.46  —  1.71  per  cent.).     Xyloclilore  is  very  similar. 

CEllacherite,— Si,  'L\,  SCg,  6a,  %  iff  a,  Ca,  fl  ;  Dana. 

Gongylite  II-III,— Si,  Al,  ^e,  Sig,  £,  (STa,  Ca,  Mn),  S ;  related  to 
jnnite. 

Margarodite,  very  analogous  to  damourite  in  composition. 

Groppite  JI,-2  (Sig,  Ca,  %  ]?fa)  Si  +  (L\  3^e)  Si  +  2  £[ ; 

Herschelite  I,  1,— (iffa,  %)  Si  +  Al  Si'  +  5  fi,  incl.  some  Ca ; 
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Finite  II,  2 ;  the  result  of  alteration,  and  therefore  varying  much  in 
comi^osition,  contains  generally  Bi,  Al,  ilg,  K,  and  1*1,  with  l?e, 
Fe,  Ca,  N'a.    It  is  an  alkali-alumina  serpentine.    Dana. 

Pihlifce  II-III,.3,— Si,  A\,  (£e),  K,  (ilg,  Li,  Ca,  JVIg),  il  •  Dana. 

Gigantolite  I-II  A,—(^ig,  IVln,  !&,  ^a)  Si  +  Al  Si'  +  li,  impure 
pinite  ? 

GiesecMte,  iberite,  Jcillimte,  liehenerite  are  similar. 

Chabazite  {acadialite,  pliacoUte,  liaydenite)  I  A,  1, — (Ca,  iS^,  ]S[a)  Si 
+  Al  Si^  +  6  H ; 

Levynite  {tnesoUn)  I  A,  IG  (Dana),— (Ca,  1sa,,  £)  Si  +  Al  Si"  +  4  fl  j 

Griielinite  [liydroUte)  I  A,  IG,— (N'a,  Ca,  '^)  Si  4-  Al  Si'  +  6  il; 

Pyrargillite  III,  1,— (Mg,  I^e,  Z)  Si  +  2  Al  Si"  +  6  S ;  related  to 
fahlunite. 

Phillipsite  I  A,  IG,— (Ca,  %  ]?J"a)  Si  +  :^1  Si'  +  5  5. 
In  addition  to  the  silicates  just  enumerated  there  are  several  other 

minerals  which  contain  potassa,  in  greater  or  less  quantities,  but  for 

the  most  part  only  as  a  subordinate  component ;  th^y  are : 

Lubradorite, 

Albite, 

Pectolite, 

Eudialyte, 

Andesite, 

Oligoclase, 

Stilbite, 

Palagonite,      \    vide  lime ; 

Anoi-thite, 

Villarsite,  vide  magnesia ; 

Polymignite,  vide  yttria ; 

Parisite,  vide  cerium ; 

Psilomelane,  vide  manganese ; 

Obsidian  II  A,  3,— Si,  Al,  3^e,  Sin,  'K,  ISTa,  Oa,  iJlg ;  various  in  the 
proportions  of  its  constituents ; 

Pumice  II  A,  3, — similar  in  composition  to  obsidian ;  sometimes 
contains  CI,  Ti,  and  fl ; 

Lava,  vide  soda ; 

Trachyte,  consisting  mainly  of  feldspar; 

Phonolite  {clinJcstone)  III,  consisting  of  potash  and  soda  feldspars 
with  other  silicates ; 

Porphyry,  a  mixture  of  potash  and  soda  feldspars  and  quiu'tz,  occa- 
sionally with  some  other  silicates  also ; 


vide  soda ; 


124  plattner's  blowpipe  analysis. 

Syenite,  chiefly  containing,  in  addition  to  hornblende,  orthoclase, 

and  andesite ; 
Meteorites,  consisting  of  silicates  (augite,  hornblende,  albite,  labra- 

dorite,  anorthite),  chromite,  magnetite,  oxides  of  tin,  nickel,  and 

copper,   together   with   arsenic,  phosphoric   and   titanic   acids^ 

sulphide  of  iron,  and  native  iron  ; 
Slate,-Si,  ll,  K,  ]S"a,  Ug,  ^e,  C,  fl. 

Examination  for  Fotassa. 

In  the  easily  fusible  potassa  salts,  excepting  phosphate  and  borate, 
and  in  the  compounds  of  potassium  with  chlorine,  bromine,  etc., 
this  alkali  is  at  once  recognized  by  fusing  a  small  portion  on  a  loop 
of  platinum  wire  with  the  tip  of  the  blue  flame.  In  the  complete 
absence  of  soda,  and  with  a  clean  wire,  the  outer  flame  is  colored 
more  or  less  strongly  violet,  p.  73. 

Soda  renders  the  flame  more  or  less  yellow,  and  lithia  red,  so  that 
in  their  presenee  this  simple  test  will  not  show  the  presence  of 
potassa  at  all,  or  not  with  perfect  certainty.  Sometimes  when  the 
amount  of  soda  or  lithia  is  very  trifling,  the  outer  flame  has  so  dis- 
tinct a  violet  color  near  the  assay,  that  the  reaction  may  be  satisfac- 
tory ;  but  if  the  soda  amounts  to  a  few  per  cent,  even,  this  colora- 
tion becomes  imperceptible.  In  this  case  the  method  proposed  by 
Harkort  may  be  adopted.  Some  borax,  to  which  a  little  boracic  acid 
has  been  added,  is  fused  to  a  bead  on  platinum  wire,  and  in  this 
enough  pure  protoxide  of  nickel,  free  from  cobalt,  is  dissolved  to 
render  the  glass  brownish  when  cold.  Not  too  little  of  the  salt  to 
be  examined  for  potassa  is  then  added  to  this  glass  and  fused  with 
it  in  0.  F.,  after  which  the  cold  glass  is  examined.  If  it  has  assumed 
a  bluish  color,  potassa  is  an  essential  constituent  of  the  salt.  This 
test,  applicable  only  when  the  salt  contains  a  very  large  amount  of 
potassa,  depends  upon  the  fact  observed  by  Lampadius,  that  pro- 
toxide of  nickel  colors  the  potassa  glass  blue,  and  the  soda,  on  the 
contrary,  brown.*  f 

The  simplest  means  of  detecting  potassa  with  certainty  in  salt,  in 
which,  owing  to  a  greater  or  less  amount  of  soda,  the  violet  colora- 
tion of  the  flame  cannot  be  recognized,  consists,  according  to  Cart- 
mell,    in  viewing  the    color  of  the  flame  through  deep  blue  cobalt 

*  Philosophical  Magazine,  Nov.,  1858  ;  also  Bunsen  in  Annal.  der  Chemie  unci  Phar- 
macie,  Bd.  CXI,  Hft.  3. 

t  In  testing;  sulphate  of  potassa  by  this  method  it  was  found  that  no  union  of  this 
salt  with  the  borax  bead  could  be  effected  unless  the  two  were  treated  on  the  wire  in 
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glass,  or  a  stratum  of  indigo  solution.*  The  presence  of  potassa  is 
recognized,  according  to  the  thickness  of  the  intervening  medium, 
by  the  violet  or  poppy-red  {ponceau-rothe)  color,  while  a  very  large 
amount  of  soda  produces  a  blue  color,  and  a  smaller  quantity  is  not 
perceptible. 

The  flame  of  a  Bunsen  burner,  p.  9,  Fig.  8,  or  the  blue  blow- 
pipe flame  may  be  employed.  In  the  latter  case  a  small  stand,  Eig. 
72,  renders  the  observation  more  convenient. 
In  the  small  tube,  li,  fastened  in  an  iron  or 
lead  foot,  the  wire,  s,  is  made  to  slide  at  pleas- 
ure, and  it  supports  in  a  clamp  the  cobalt 
glass,  g.  A  few  experiments  will  determine 
the  proper  situation  for  the  glass  between  the 
eye  and  the  flame,  and  give  practice  in  holding 
the  platinum  wire  with  the  assay  in  the  tip  of 
the  blue  flame,  which  is  not  visible  through 
the  glass.  For  the  indigo  solution  a  small 
open  vessel  may  be  formed  by  means  of  glass 
strips  and  a  suitable  cement,  and  then  also  set 
upon  a  stand. 

If  the  assay  contains  substances  which  pro- 
duce a  luminous  flame,  as  in  the  separation  of 
carbon  from  burning  organic  matter,  these  must  first  be  removed  by 
igniting  the  assay,  since  otherwise  the  same  violet  color  will  be  per- 
ceived through  the  glass  as  that  caused  by  potassa.  The  violet  and 
red' rays  proceeding  from  the  glowing  wire  must  likewise  not  be  con-' 
founded  with  the  proper  potassa  coloration,  which  rather  extends  out 
from  the  assay  toward  the  tip  of  the  flame.    (See  Sec.  III.  a,  of  App.) 

Viewed  through  moderately  thick  cobalt  glass,  or  a  thin  stratum 
of  indigo  solution,  the  lithia  flame  is  carmine-red,  but  through  very 
dark  or  thick  glass,  or  a  thicker  stratum  of  solution,  it  ceases  to  be 
visible,  while  the  red  potassa  flame  is  still  distinctly  seen,  and,  there- 
fore, when  potassa  is  to  be  detected  in  presence  of  lithia,  a  thicker  or 
darker  glass  must  be  used,  the  effect  of  which  has  been  previously 
tested  with  pure  salts. 

According  to  observations  by  Merz  {Journal  f.  praht.  Cli.  vol.  80, 
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R.  F.,  thus  forming  sulphide  of  potassium,  which  is  readily  decomposed  by  the  boracic 
acid.  Naturally,  the  oxide  of  nickel  must  not  be  added  until  after  the  sulphate  of 
potassa  and  the  borax  have  been  treated  in  the  R.  F.,  but  the  oxide  should  be  specially 
treated  with  anotner  borax  bead  to  insure  its  freedom  from  cobalt. — [Transl.J 

*  The  solution,  which  must  be  filtered,  contains  in  1500  to  2000  parts  water,  1  part 
indigo,  previously  dissolved  in  8  parts  fuming  sulphuric  acid. 
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p.  491),  the  lithia  flame  is  invisible  through  green  glass,  while  the 
jiotassa  and  baryta  flames  appear  bluish-green,  and  that  of  soda 
orange-yellow.  In  the  case  just  mentioned,  the  thicker  cobalt  glass 
or  indigo  solution  may  therefore  be  replaced  by  green  glass. 

The  potassa  in  silicates  cannot  always  be  detected  with  certainty 
by  the  coloration  of  the  flame,  because  these  compounds  nearly 
always  contain  more  or  less  soda,  which  prevents  the  reaction ;  but 
even  in  silicates  containing  little  soda,  the  alteration  of  the  outer 
flame  is  generally  so  slight  that  it  cannot  be  perceived  at  all,  or  only 
indistinctly.  Harkort's  test  also  can  not  be  employed,  because  the 
amount  of  potassa  is  always  comparatively  small  and  docs  not  in  the 
least  alter  the  borax-glass,  colored  brown  by  the  oxide  of  nickel. 

On  the  other  hand,  according  to  Bunsen,  1.  c,  p.  268,  the  cobalt 
glass  and  indigo  solution  may  be  advantageously  used  to  detect 
potassa  in  silicates  also,  by  heating  such  compounds  with  gypsum, 
free  from  potassa  and  soda,  in  the  flame,  thus  forming  silicates  of 
lime  and  sulphate  of  the  alkali,  which  is  volatile  and  colors  the 
flame.  Here,  too,  regard  must  be  had  to  the  remarks  before  made, 
if  lithia  is  present  {vide  also  remarks  under  lithia). 

When  not  too  trifling  in  its  amount,  potassa  may  also  be  with 
certainty  detected  in  silicates  by  the  wet  way.  About  one  hundred 
milligr.  of  the  very  fine  powder  are  fused,  p.  113,  with  one  hundred 
milligr.  each  of  borax  and  soda  (previously  ascertained  to  be 
perfectly  free  from  potassa)  to  a  transparent  globule,  free  from 
bubbles.  Should  the  assay  contain  considerable  lime  or  mag- 
nesia and  appear  very  infusible,  somewhat  more  borax  is  added.* 
The  fused  globule  is  dissolved  with  dilute  hydrocliloric  acid  in 
a  porcelain  dish,  evaporated  to  dryness,  dissolved  in  a  very  little 
water,  diluted  with  alcohol  (not  enough,  however,  to  precipitate 
any  salts),  and  filtered,  or  when  clear,  decanted  from  the  resi- 
due of  silica  into  a  small  test  tube,  and  the  residue  then  washed 
with  alcohol  of  80°.  If  to  the  clear  solution  a  few  drops  of  a 
rather  concentrated  solution  of  bichloride  of  platinum  are 
added,  it  will  be  at  once  seen  whether  potassa  was  present  in 
the  substance,  and  if  so,  whether  in  trifling  or  considerable 
quantity.  When,  for  example,  the  volume  of  the  double  chlo- 
Fig.73.  j.^j.|g  jg  known,  which  separates  when  one  hundred  milligr.  of  a 
feldspar,  yielding  by  chemical   analysis,  say   fourteen  per  cent,    of 


*  The  amount  of  potassa  derived  from  the  burnt  portion  of  an  ordinary  piece  of 
charcoal  is  so  exceedingly  trifling  that  it  could  not  be  detected  if  the  substance  was 
free  from  potassa,  and  therefore  exerts  no  injurious  influence  upon  tlic  assay. 
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potassa,  are  decomposed  as  above  with  soda  and  borax,  an  approxi- 
mate estimate  may  be  made  of  the  amount  of  potassa  in  other  sili- 
cates, from  the  quantity  of  the  double  chloride  formed.  This  may 
be  done  with  most  certainty  by  employing  a  test  tube  about  ten 
millim.  in  diameter,  drawn  out  below  to  a  short  tube  two  millim.  in 
diameter,  in  which  the  crystalline  chloride  of  potassium  and  plati- 
num can  settle,  Fig.  73. 

2.  Soda,  ]^a. 

Its  occurrence  in  the  mineral  Jcingdom. 

Soda  occurs  quite  frequently,  but  always  in   combination   with 
other  elements,  being  never  found  free. 

a.  It  occurs  as  chloride  in 
Halite  (common  salt)— Na  CI,  sometimes  containing  traces  of  sal 
ammoniac. 

d.  As  fluoride  in 
Cryolite  1,-3  Na  F  +  AP  F' ; 
Chiolite  1,-3  Na  F  +  2  AP  F' ; 
Chodneffite,— 2  Na  F  +  AP  F' ; 
Arksutite,— (Ca,  Na)=  F  +  AP  F' ; 
Pachuolite,— 3  (Ca,Na)  F  +AP  F'  +  2  fl; 
Thomsenolite  1,-2  (Ca,  Na)  F  +  AP  F'  +  2  ll.  ' 

c.  With  suljjhuric  acid  in  ^ 
Thenardite  (anhydrous  sulphate  of  soda), — N'a  S,  mixed  with  a  little 

NaO; 
Lecontite,— (l^I"a,  %  NH^O)  S  +  2  li ; 

Mirabilite  (Glauber  salt), — Na  S  +  10  fl,  but  frequently  impure; 
Glauberite,— Iffa  S  +  Ca  S ; 

Loweite, — 2  (Na  S  +  ^ig  S)  +  5  fl,  with  traces  of  Al  and  Ue. ; 
Bloedite,— (:^^a  S  +  ilg  S)  +  4  II ; 
Mendozite  (soda  alum),— Na  iS  +  Al  S*'  +  24  fl  ; 
Gelheisenerz,  natronhaltiges  (jarosite),  1, — 4  Fe  S  -f-  Na  S  +  9  H ; 

Svanbergite  II-III,  2, — ^^a,  Oa,  Al,  S,  P,  fl ;  but  Dana  gives  an 
analysis  by  Blomstrand,  showing  no  soda. 

d.  With  nitric  acid  in 

Soda  nitre, — l^Ta  1^,  exclus.  a  little  Na  CI  and  {K,  Ca)  S. 

e.  With  carbonic  acid  and  loater  in  the  following  salts  : 

Natron  (carbonate   of  soda), — ^a  0  +  10  £[,  occurring  in  nature 
only  in  solution,  or  mixed  with  other  carbonates  of  soda.    Dana. 
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Thermonairite, — IN  a  C  +  fl,  containing  also  S"a  S  and  Na  CI,  in  par- 
ticular ; 
• '         Trona  (urao), — lS[a'  C'  +  4  il ;  sometimes  contains  lia.  S  j 

Gay-Lnssite,  1,— Na  C  +  Ca  C  +  5  fl. 
/.  With  horacic  acid  in 

Borax  (tinkal)  — I^Ta  B'  +  10  fl  ; 

Ulexite  — Na  '&  +  2  Ca  '&  +  18  fi,  excl.  a  little  %  «,  and  CI ; 

Hydroborocalcite,  vide  lime. 
g.  With  silicic  acid  in  various  silicates : 

a.  Anhydrous  silicates,  which  yield  no  water  in  the  matrass,  or 
only  traces. 

Nephelite  (elseolite),  vide  potassa  ; 

Oligoclase  I,  2, — 2  Al  Si'  +  Na°  Si',  incl.  some  Ca,  Mg,  and  3^e ; 

Albite  (pericline)  I-II,  3,— Al  Si'  +  'ka  Si',  including  Ca,  %,  |5e  j 

Acmite  I,  2,— (Na,  i"e)'  Si'  +  2  Ee  Si',  excl.  Ca,  fin,  Ti,  H ; 

Glaucophane  I,  2,-2  Al  Si'  +  9  K  Si ;  $  =  l^a,  Ca,  Mg,  :^e ; 

Arfvedsonite  I  A,  2,-2  (Fe,  S^a)'  Si'  +".3  le  Si',  excl.  Ca,  Al,  fin,  K, 
C1,F,  H; 

Bytownite  III, — Eeferred  to  anorthite ;  Na  =  2.8  to  7.6  per  cent. 

Andesite  I-II,— Al  Si'  +  R  Si;  U  =  Na,  K,  Ca,  'kg ; 

Passauite  {Porcellanspatli)  I  A,  1,-3  Al  Si'  +3  Ca  Si  +  IsTa  Si*. 
Contains,  according  to  Fuchs  and  Schafhautl,  Na  CI.  Probably 
altered  ekebergite;  Dana. 

Saussurite  (lime-soda  zoisite)  II,  3, — 2  Al  Si  +  3  (Ca,  fig,  l^e,  l^o) 
Si; 

Dipyre  I  A,  2, — 3  Al  Si  +  4  (Ca,  I^a)  Si*;  prehnitoid  is  of  quite  simi- 
lar composition,  with  a  very  little  Fe,  fin,  and  kg ; 

Hyposclerite  II-III  (albite,  probably  altered  ;  Dana). 

Labradorite  I-II,  2,— (Ca,  J^Ta)  Si  +  Al  Si*,  incl.  a  little  K,  fig,  and 
£e; 

Jadeite  I,  3,— Si  Al,  IS^a,  Oa,  kg,  'Pe ; 

Marialite  I  A,  3, — Si  Al,  Ca,  Na  (12.2  per  cent.) ; 

Mizzonite  I  A,  3, — Si,  Al,  Ca,  Na  (10.9  per  cent.) ; 

Tachylyte,  vide  potassa ; 

Humboldtilite  (melilite),  vide  potassa; 

Indianite  (anorthite)  I-II,  2,— Al  Si  +  (Ca,  IsTa)  Si ;  I?[a  =  2.6  to  3.3 
per  cent. 

Wichtisite  I-II,  3,-3  (Pe,  Ca,  fig,  JCa)  Si  +  (Al  l^e)  Si' ; 

Tourmaline,  vide  magnesia ; 
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Suudvikite  (probably  altered  anorthite ;  Dana),— Si,  A\,  Un,  %,  Oa, 

Mg,  jSTa,  II ; 
Paralogite  (probably  altered  ekebergite ;  Dana),— Si,  Al,  Ca,  IsTa  (10.8 

per  cent.),  £ ; 
Erlanite  I,  2,— Si,  Al,  3^e,  Mn,  Ca,  Mg,  ^a;  supposed  to  be  a  rock; 

Dana. 

(3.  Hydrous  silicates. 
Eetinalite  III,— Slg"  Si"  +  2  S"a  Si  +  7  £[  nearly ;  this  is  Thomson's 

retinalite  and  a  doubtful   mineral;  retinalite  from   Grenville, 

analyzed  by  Hunt,  is,  according  to  Dana,  probably  a  mixture 

of  serpentine  and  deweylite  ; 
Natrolite  I,  IG, — Al  Si''  +  Na  Si  +  2  H ;  galactite  is  a  variety  of 

natrolite ;  likewise  lehuntite  and  brevicite ; 
Analcite  I,  1,— Al  Si'  +  I^a  Si  +  2  fl; 

Pollucite,  (ft'  Al)  Si'  +  ^  S,  E  =  Caesium  mainly,  =  34.07  per  cent. 
Pectolite  I,  1,-4  Ca  Si  +  J^a  Si'  +  fl ;  excl.  a  little  Al  and  ^e. 
Saccharite  II,  2, — Massive  andesite,  but  containing  2.2  per  cent.  S ; 
Mesolite  I  A,  IG,— 3  Al  Si'  +  2  Ca  Si  +  ]S'a  Si  +  8  fi  (general  form- 
ula, Naumann) ; 
Hersch  elite,    \ 

Chabazite,       \  vide  potassa ; 
Gmelinite,       ) 

Harringtonite  and  antrimolite, — referred  to  mesolite. 
Crocidolite  I-II,  2,-3  "Fe  Si  +  (J^a,  Sig)  Si»  +  2  fi;  J^e  ='34  per 

cent. ; 
Thomsonite  (comptonite)  I  A,  IG,— 3  Al  Si  +  3  (Ca,  ]S"a)  Si  +  7  fl; 

Na  =  3.7  to  8  per  cent.    Faroelite  and  mesolite  from  Hauenstein 

belong  here. 
Faujasite  I  A,  1,-2  Al  Si'  +  (Ca,  ]?^a)»  Si'  +  18  fi ; 
Eudnophite  I,  IG, — Si,  Al,  Na  (14  per  cent.),  fl ;  Dana ; 
Ledererite  I  A,  IG  (impure  gmelinite,  with  some   free  silica  and 

about  3  per  cent.  Na ;  Dana).     Contains  *?. 
Fahlunite  II,  3, — This  species  is  a  result  of  alteration,  being  pseu- 

domorphous  after  iolite,  and  the  composition  varies  considerably. 

Analyses  given  by  Dana  show  from  0  to  1.8  per  cent.  I^a. 
Cataspilite  I,  1,— Si,  Al  (^a),  Sig,   Ca,  iSTa  (5.25  per  cent.),  K', 

Dana; 
Pitchstone  II,  3, — sometimes  contains  albite  or  oligoclaso  rocks, 

rather  than  orthoclase;  Dana; 
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Epistilbite  I  A,  1,—A\  Si'  +  (Ca,  ^a)  Si'  +  5  £[;   Parastilbite  is 

similar,  but  has  only  3  fl. 
Pyrargillite,    ) 
Phacolite,        [  ^^^^Potassa;        . 

Hypostilbite  II  A,  1,-2  Al  Si'  +  (Ca,  '^a)'  Si'  +  12  £[ ; 

Mordeuite  2, — Si,  Al,  Ca,  N'a  (2.5  per  cent.),  tl ; 

Paragonite  III, — 3  Al  Si  +  isTa  Si'  +  2  £[ ;  pregrattite  is  Tery  simi- 
lar, contains  1.7  per  cent.  1^.  (It  exfoliates  somewhat  B.  B.; 
Dana). 

y.  Silicates  with  sulphates. 

Nosite  I,  IG,— (Na')'  Si'  +  3  AP  Si'  +  2  S'a  S,  excl.  CI  and  £[ ; 

Lapis  Lazuli  I  A,  IG, — like  nosite,  but  contains  a  little  sulphide  of 
iron  (and  sodium)  and  therefore  evolves  sulphuretted  hydrogen 
when  treated  with  hydrochloric  acid ; 

Hatiyuitell,  IG,— (i^a')=  'Si'  +  3  AF  *Si'  +  4  Ca 'S ; 

Ittnerite   and   scolopsite  I  A,  IG, — shown   by  Eammelsberg  to  be 
probably  altered  haiiynite  or  nosite.      Ittnerite  contains  10  to 
12  per  cent.  ^  ;  nosite  0  to  10  per  cent,  fl ;  Dana. 
6.  Silicates  with  carbonates. 

Cancrinite  I  A,  IG  (with  effervescence),— (2  'LV  Si'  +  :N'a*  Si')  +  2 
R  0  ;  generally  with  3  to  4  per  cent.  H. 

Stroganovite  I  A,  1  (with  effervescence), — more  or  less  altered  scapo- 
lite  (wernerite),  containing  0  ; 

Davyne  I  A,  1  (with  effervescence), — altered  nephelite,  containing  0. 
£.  Silicate  with  niobates. 

Wohlerite,  vide  zirconia. 

^.  Silicates  with  chlorides. 

Sodalite  from  Vesuvius,  II,  IG,       )    ^^  ,  „ .....         ...  „  ....         ,^    ^, 

«  "     Greenland,  I  A,  IG,  [  (^^^T  «i'  +  3  AF  Si'  +  2  m  01; 

Eudialyte  I,  IG,— 2  (^a,  Ca,  i"e,  Sin)'  Si'  +  7>v  Si',  with  about  1  per 
cent.  CI ; 

Eucolite,  of  similar  composition  with  eudialyte,  contains  also  Ta,  Ce, 
and  La. 

*;.  Silicate  with  fltioride. 
Leucophanite  I  A, — Si,  fie,  (l^n),  Ca,  Na  F ; 
Meliphanite  I  A, — composition  similar  to  that  of  leucophanite. 

In   addition  to  the   preceding   minerals  there  are  several  othera 
which  contain  more  or  less  soda;  the  chief  of  these  are: 

Leucite  )    ^,-^,potassa; 

Orthoclase,    ) 
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Spodnmene,  )      .  y  -,.,,  . 
rt ,  T.  y   viae  litnia  ; 

Petalite,         )  .  ' 


Vesuviauite,  )      .,  ,. 

-V-     -1      1    IT,       }  vide  hme: 
Aantliopnyllite,     j  ' 

Scapolite,  certain  varieties,  vide  lime  ; 

Basalt,  composed  of  several  silicates  (zeolites,  olivine,  labradorite, 

augite),  and  magnetite ; 
Lava,  probably  a  mixture  of  leucite  containing  much  soda,  augite, 

and  magnetite ; 
Obsidian, 
Pumice, 
Phonolite, 
Porphyry, 
Meteorites, 
Stercorite,  vide  ammonia. 


>■  vide  potassa ; 


Examination  for  Soda. 

Soda  may  be  very  readily  detected  in  the  natural  salts  above  men- 
tioned, as  well  as  in  any  salt  of  which  it  forms  a  constituent,  by 
heating  quite  a  small  portion  of  the  salt  in  the  loop  of  a  platinum 
wire,  with  the  tip  of  the  blue  flame.  The  outer  flame  immediately 
becomes  enlarged  and  assumes  a  reddish-yellow  tinge,  p.  73,  even 
when  a  large  amount  of  potassa  or  lithia  is  likewise  present.  If  the 
salt  is  free  from  phosphoric  or  boracic  acid  and  contains  a  very  large 
amount  of  potassa,  the  flame  is  not  pure  reddish-yellow  close  to  the 
assay,  but  rather  violet,  while  at  a  greater  distance  the  reddish-yellow 
color  alone  prevails,  and  thus  it  may  be  quite  well  determined 
whether  there  is  much  less  soda  than  potassa  present.  In  presence 
of  lithia  the  yellow  flame  is  more  strongly  mixed  with  red,  in  pro- 
portion as  the  salt  is  richer  in  lithia  and  poorer  in  soda,  so  that  with 
considerable  lithia  and  little  soda  the  flame  is  not  reddish-yellow,  but 
yellowish -red. 

When  a  small  quantity  of  any  volatile  salt  of  soda  on  platinum 
wire  is  brought  within  the  zone  of  fusion  of  the  gas-burner,  p.  9, 
Fig.  8,  the  light  proceeding  from  it  renders  a  crystal  of  bichromate 
of  potassa  colorless,  when  held  near  the  flame  (Bunsen  :  Ann.  d. 
Chem.  u.  PJiarm.  Bd.  CXI.  Hft.  3).  A  better  reaction  is  obtained 
when  this  deep  red  salt  is  replaced  by  a  slip  of  paper,  about  one 
centim.  square,  coated  Avith  iodide  of  mercury,  which  assumes  a 
white  color,  with  a  shade  of  pale  yellow.  Potassa,  lithia,  and  lime 
do  not  prevent  this  reaction. 
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According  to  Merz  the. soda  flame  aj^pears  orange-yellow  through 
greeu  glass,  while  the  potassa  flame  is  bluish -green  and  the  lithia 
flame  invisible. 

In  silicates,  as  well  in  the  natural  silicates  as  in  other  more  or  less 
fusible  compound  substances,  the  presence  of  soda  can  also  be  de- 
tected by  the  reddish-yellow  flame,  when  small  splinters  are  heated 
in  the  platinum  forceps. 

Bunsen's  test,  given  above,  is  of  especial  interest  in  the  examina- 
tion of  silicates,  but  can  only  be  performed  with  the  aid  of  the  gas- 
burner.  It  is  necessary  to  have  a  number  of  feldspars,  accurately 
analyzed  and  arranged  according  to  their  increasing  proportions  of 
soda ;  these  are  ignited  and  kept  in  a  pulverized  state.  If  one  of 
these  and  the  specimen  to  be  examined,  with  or  without  the  addition 
of  gypsum,  are  held  in  the  zone  of  fusion  at  the  same  time,  taking 
care  that  equal  lengths  of  wire  shall  be  heated,  a  strip  of  iodide  of 
mercury  paper  placed  before  the  flame  will  be  more  or  less  blanched. 
If  now  the  specimen  to  be  determined  is  withdrawn  from  the  flame 
and  the  paper  assumes  a  perceptibly  redder  shade,  the  specimen  con- 
tains more  soda  than  the  silicate  used  for  comparison,  while  if  the 
paper  becomes  whiter,  the  contrary  is  the  case.  By  determining  in 
this  way  between  what  numbers  the  reaction  occurs,  the  amount  of 
soda  in  the  mineral  under  examination  can  be  approximately  ascer- 
tained. Various  precautions  must  be  observed  in  this  test,  but  for 
these  the  reader  is  referred  to  the  work  cited  above.  H 

3.  Lithia,  Li. 

Its  occurrence  in  the  mineral  hingdmi. 

Lithia  is  never  met  with  in  the  free  state,  but  always  in  combina- 
tion with  other  bodies. 

a.  In  combination  with  phosphoric  acid,  partly  with  and  partly 
without  fluorine,  in  * 

Amblygonite  I,  2, — Its  composition  corresponds  for  the  most  part  to 

the  formula :  [(Li,  Na)  F  +  AP  F']  +  [(Li,  I?J"a)^  P  +  A?  P]  ; 

Triphylite  I,  1, — according  to  Eammelsberg  :  (Li,  IJllg)'  !P  -f  3  (i'e, 

Mn)'  P. 
h.  In  silicates : 
Spodumene  I  A,  3,— (Li,  ]?fa)'  Si'  +  4  ^1  Si'  • 
Petalite  II,  3,-3  (Li,  iia)  Si'  +  4  Al  Si' ; 
Castorite  I-II,  3, — probably  petalite ; 
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Cryophyllite  I  A,  1—3  {te,  K,  Li)'  Si' +  4  (ll  iPe)  Si';  contains 

traces  of  Na,  Kb,  Cs ;  also  some  F ; 
Cookeite  II  A,  2,— Si,  A\,  Li,  K,  U,  Si  F' ;  Dana ; 

Durangite, — (Li,  Na)' As  +  3  (Al,  Fe)  As; 

Tourmaline    (lithia  tourmaline,  rubellite)  vide  magnesia; 

Lepidolite,  vide  potassa ; 

Scapolite  (some  varieties),  vide  lime. 

Examination  for  Lithia. 

Lithia  is  very  readily  detected  in  its  salts  by  heating  them,  either 
on  platinum  wire  or  in  the  forceps,  according  to  their  fusibility,  with 
the  tip  of  the  blue  flame ;  a  red  tinge  is  always  imparted  to  the 
outer  flame,  owing  to  the  carmine-red  color  which  lithia  communi- 
cates. Many  strontia  and  lime  salts,  however,  likewise  give  a  red 
flame,  which  fiict  must  be  borne  in  mind,  and  the  salt  in  question 
further  tested,  as  will  be  directed  under  strontia  and  lime.*  The 
carmine-red  produced  by  a  pure  lithia  salt  may  appear  quite  different 
when  other  substances  are  present,  wliich  also  color  the  flame,  e.  g., 
soda.  Should  the  salt  be  free  from  soda,  but  contain  phosphoric 
acid,  wiiich  colors  the  flame  bluish-green,  the  red  and  green  do  not 
unite,  but  both  colors  are  separately  visible.  Triphylite  shows  this 
phenomenon,  p.  74. 

A  mixture  of  lithia  and  potassa  salts  upon  a  loop  of  platinum 
wire  imparts  to  the  flame  a  red  tinge,  which  is  less  intense  and  more 
inclined  to  reddish-violet  as  the  potassa  increases  in  comparison  with 
the  lithia.  A  mixture  of  lithia,  potassa,  and  soda  salts  in  which 
lithia  predominates,  causes  a  yellowish-red  flame,  while  if  potassa 
predominates  the  flame  is  reddish-violet  quite  close  to  the  assay,  but 
reddish-yellow  beyond.  If  the  soda  prevails  and  the  assay  is  fused 
with  the  tip  of  the  blue  flame,  the  reaction  of  the  potassa  and  lithia 
is  concealed  anil  only  the  reddish-yellow  color  is  perceptible,  but  by 
touching  the  salt  with  the  outer  flame  only,  and  employing  a  very 
gentle  blast,  a  distinct  red  flame  may  be  frequently  produced  for  a 
short  time. 

*  Chapman  has  suggested  the  use  of  chloride  of  barium  to  distinguish  the  Ume  or 
strontia  coloration  from  that  of  lithia.  If  the  test  substance  is  fused  on  platinum  wire 
with  twice  its  volume  of  the  chloride,  in  the  point  of  the  blue  flame,  the  original  red 
coloration  will  remain  undestroyed,  or  even  be  increased  in  intensity,  if  caused  by  lithia  j 
while  if  due  to  strontia  or  lime  a  brownish-yellow  tinge  will  be  imparted  to  the  flame 
border.  The  test  may  be  applied  to  the  natural  silicates,  phosphates,  and  other  salts.— 
[Transl.] 
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According  to  Stein  (Ami.  c.  Chem.  u.  Pharm.  von  Wohler  u. 
Liebig,  vol.  52,  p.  243),  the  litliia  reaction  is  rendered  indistinct  and 
sometimes  quite  concealed  by  the  soda  because  the  temperature  is 
too  high.  He  has  found  that  by  fusing  the  assay  on  platinum  wire, 
just  so  that  it  remains  porous,  and  then  soaking  it  in  tallow  and 
heating  it  in  a  caudle  flame,  the  red  lithia  flame  is  still  distinctly 
visible,  even  when  the  amount  of  lithia  is  less  than  -^-^  that  of  the 
soda.* 

The  eflFect  of  the  lithia  flame  when  viewed  through  cobalt  glass  or 
indigo  solution  has  already  been  stated,  p.  124,  and  this  affords  a 
certain  means  of  detecting  lithia  when  mixed  with  soda  and  potassa. 
Cartmell  (1.  c.)  recommends  the  observation,  through  indigo  solution, 
of  the  flame  produced  in  the  Bvmsen  burner  by  all  these  bases 
together  by  the  side  of  a  pure  potassa  flame.  According  to  Bunseu, 
the  distinction  succeeds  still  better  by  observing  the  successive  alter- 
ations of  the  coZor  which  occur  when  each  of  the  flames,  produced 
side  by  side,  is  viewed  through  a  stratum  of  indigo  solution  con- 
stantly increasing  in  thickness.  For  this  purpose  a  prism  of  plate 
glass  containing  the  solution  is  held  before  the  eye.  Pure  carbonate 
of  lithia,  or  chloride  of  lithium,  shows  a  carmine-red  flame  through 
the  thinnest  stratum,  while  potassa  still  appears  sky-blue  to  violet. 
The  lithia  flame  grows  feebler  as  the  stratum  increases  in  thickness, 
and  disappears  long  before  the  thickest  stratum  comes  before  the  eye. 
Potassa  and  soda  have  no  influence  in  this  case.  Since  the  two  salts 
just  named  give  a  more  intense  color  than  any  other  lithia  com- 
pounds, it  is  only  necessary  to  mark  that  point  of  the  prism  where 
the  color  imparted  to  the  flame  by  these  bodies  becomes  invisible,  and 
then  through  the  strata  above  this  mark  only  potassa  can  be  per- 
ceived, but  lithia  never.  This  portion  of  the  prism  then  perfectly 
replaces  a  thick  cobalt  glass. 

If  now  a  portion  of  a  potassa  salt  containing  lithia  is  fused  in  the 
flame  (soda  alters  the  event  but  little,  unless  jjresent  in  quite  a  large 
proi^ortion),  and  the  flame  compared  with  a  pure  potassa  flame  pro- 


*  According  to  Chapm.an,  lithia  may  be  detected  in  presence  of  soda  by  fusing  the 
test  substance  with  chloride  of  barium,  provided  it  can  be  decomposed  by  such  a  fusion. 
The  powder  is  fused  on  platinum  wire  in  O.  F.  with  twice  its  volume  of  the  chloride; 
at  first  there  is  a  strong  soda  flame,  which  gradually  diminishes  in  intensity,  and  is  suc- 
ceeded by  the  baryta  coloration.  Upon  then  bringing  the  fused  mass  deeper  into  the 
flame  a  distinct  crimson  color  is  produced,  unless  only  traces  of  lithia  are  present.  Two 
minutes'  exposure  to  the  flame  will  suffice  to  produce  the  reaction,  \vhich  is  not  affected 
by  strontia  or  lime  salts,  as  these  do  not  color  the  flame  red  in  presence  of  chloride  of 
iarium. — [Transl.] 
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rluced  opposite  to  it,  tlie  flame  containing  lithia  appears  redder  than 
the  pure  potassa  flame,  through  tliin  strata;  tlirough  somewhat 
thicker  strata  the  flames  are  equally  red,  if  the  amount  of  litliia  is 
very  trifling  in  comparison  with  the  potassa;  if  the  lithia  predomi- 
nates, the  intensity  of  the  now  red  lithia  flame  decreases  perceptibly 
as  the  thickness  of  the  stratum  increases,  while  the  pure  potassa 
flame  is  scarcely  weakened  at  all. 

In  silicates  containing  lithia  this  alkali  may  likewise  be  detected 
by  the  blowpipe  flame.  Unless  there  is  too  little  lithia  present  it  is 
at  once  recognized  by  the  red  flame  produced  by  a  small  splinter 
heated  in  the  forceps.  In  the  absence  of  soda  au  intense  pur2:)lish- 
red  flame  is  produced  whiie  the  assay  is  fusing ;  this  is  the  case  with 
lepidolite  and  castorite.  Less  intense  and  pure,  but  still  distinctly 
perceptible  colorations  are  produced  by  petalite  and  spodumene, 
when  not  too  strongly  heated. 

Silicates  containing  only  a  little  lithia,  e.g..  lithia-tourmaline,  and 
certain  scapolites,  color  the  flame  only  very  indistinctly,  or  not  at  all 
red.  In  this  case  Turner's  method  may  be  employed,  which  consists 
in  making  a  paste  of  the  finely-powdered  mineral  with  a  mixture  of 
one  part  fluor  spar,  one  and  a  half  bisulphate  of  potassa,  and  a  little 
water,  and  fusing  it  on  a  loop  of  platinum  wire  within  the  blue 
flame,  at  the  same  time  carefully  observing  the  color  of  the  outer 
flame.  According  to  Merlet,  two  parts  of  the  mixture  must  be  taken 
for  one  of  the  silicate  to  make  the  reaction  for  lithia  perfectly  sure. 
If  the  silicate  contains  a  little  lithia,  this  colors  the  flame  red,  but 
not  very  intensely,  the  red  inclining  strongly  to  the  violet  of  the 
potassa.  If  the  silicate  is  free  from  lithia,  only  the  violet  potassa 
flame  ensues ;  soda  renders  the  reaction  indistinct.  If  the  silicate 
contains  boracic  acid,  e.  g.,  tourmaline,  a  green  flame  is  at  first  pro- 
duced, showing  the  boracic  acid,  but  afterward  a  more  or  less  in- 
tense red  flame  is  caused  by  the  lithia. 

[The  mixture  proposed  by  Poole  serves  still  better  than  Turner's 
for  detecting  lithia. — It  consists  of  two  parts  ignited  gypsum  and 
one  part  fluor  spar.     Communicated  by  Professor  Richter,] 

Lithia  may  also  be  detected  with  certainty  in  silicates  by  using  a 
Bunsen  burner  and  the  indigo  prism.  The  assay  j)owder  is  heated 
with  gypsum  in  the  zone  of  fusion,  and  opposite  to  it  some  carbon- 
ate of  potassa,  while  both  flames  are  observed  through  the  prism, 
which  is  passed  before  the  eye.  If  the  assay  contains  lithia,  its 
flam-e,  at  that  point  of  the  prism  where  the  soda  flame  disappears, 
seems  red  in  comparison  with  tlie  corn-flower  blue  potassa  flame. 
As  the  stratum  increases  in  thickness  the  red  lithia  flame  gradually 
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loses  its  intensity,  while  the  blue  of  the  potassa  flame  passes  through 
violet  to  red,  Avhich  at  a  certain  thickness  of  the  stratum  is  quite 
similar  to  the  color  of  the  lithia  flame. 

4.  AuMoisriA,  NH'. 

Its  occurrence  in  tlie  mineral  Icingdom. 

Ammonia  is  always  found  combined  with  other  bodies. 

a.  As  ammonium  with  chlorine  in 
Sal  ammoniac, — NH*  01; 
Kremersite, — vide  potassa. 

J).  With  sulphuric  acid  in 
Mascagnite, — NH*OS  +  fi  ; 

Tscbermigite  (ammonia  alum),— NH*OH  +  ^  S"  +  24  fi ; 
Lecontite,  vide  soda. 

c.  With  idliosplioric  acid  in 

Stercorite,— Na,  NH*0,  P  +  9  fi ; 

Struvite,— NH*0,  INIg',  F  +  12  fl ; 

d.  With  horacic  acid  in 
Larderellite,— NH^OB*  +  4  ll. 

e.  With  carbonic  acid  in 
Teschemacherite ,— (^  NH'O  +  ^-  fl)  C. 

It  is  also  found  in  trifling  quantity  as  an  unessential  constituent 
of  several  other  mineral  substances,  including : 
Tachylyte,  vide  potassa ; 

Halite  (rock  salt,  certain  specimens),  vide  soda; 
Picrosmine,  vide  magnesia ;  4 

Sassolite,  vide  boracic  acid. 

Also  in  different  kinds  of  clay,  in  certain  native  oxides  of  iron, 
and  other  mineral  bodies,  when  they  contain  inclosed  organic  mat- 
ter. 

Examination  for  Ammonia. 

In  the  compounds  of  ammonia,  many  of  which  can  be  recognized 
at  once  by  their  volatility  in  the  matrass,  p.  61,  the  ammonia  may 
be  very  easily  detected  by  mixing  a  little  of  the  substance  with  soda 
and  gradually  heating  them  in  a  matrass  or  closed  tube  over  the 
spirit-lamp.  An  ammoniacal  odor  is  evolved,  and  a  bit  of  moistened 
red  litmus  paper  inserted  in  the  tube  is  colored  blue.  White  clouds 
also  form  if  a  glass  rod  moistened  with  hydrochloric  acid  is  held 
above  the  end  of  the  open  tube.     As  regards  the  other  mineral  sub 
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stances  in  wliicli  the  ammonia  forms  only  an  unessentidl  and,  fre- 
quently, only  accidental  ingredient,  the  ammonia  may  generally  be 
recognized  by  testing  them  alone  in  the  matrass,  either  at  once  by 
the  odor,  or  by  means  of  moistened  red  litmus  paper,  since  the  am- 
monia escapes,  whether  it  was  present  already  as  such,  or  was  formed 
by  heating  a  substance  containing  organic,  nitrogenous  matters. 


5.  Bakyta,  Ba. 
Its  occurrence  in  the  mineral  Mngdom. 

Baryta  always  occurs  in  combination  with  other  bodies. 

a.  With  suljjJmric  acid  in 

Barite  {harytes,  heavy  spar),  3, — Ba  'H,  sometimes  containing  Oa  S*  or 

Sr  -g ; 
Barytocelestite,  3, — Sa  H  and  Sr  H  in  varying  proportions ; 
Dreelite,  2,— Ba  S,  Ca  tS,  Oa  0,  Bi,  Al,  ll.     (Ca  S'  +  3  13a  tS;   Dana.) 

b.  "With  carbonic  acid  in 
Witherite,  1,— Ba  0 ; 

Barytocalcite,  1, — Ba  C  +  Ca  0,  always  containing  some  5ln  0. 
Bromlite,  1, — contains  the  same  constituents  as  barytocalcite  under 
another  crystalline  form,  but  the  constituents  are  apparently' in  vary- 
ing proportions. 

c.  With  silicic  acid  in 

Harmotome  I-II,  1,— Al  Si'  +  Ba  Si'  +  5  fl;  inch  some  t,  ;S"a,  Ca, 

le; 
Brewsterite  I  A,  1,-^1  Si'  +  (Sr,  13a)  Si'  +  5  fl,  with  some  Ca  and 

;Pe; 
Edingtonite  I-II,  IG,— 4  Al  Si^  +  3  fea  Si  +  12  fl,  nearly. 

Baryta  also  occurs  in  admixture  with 
Psilomelane,  barytiferous,    \ 
Braunite,  >  vide  manganese. 

Hausmannite,  ) 

Since  barite  sometimes  forms  an  ingredient  in  ores  dressed  on  a 
large  scale,  and  is  also  added  in  many  smelting  processes,  baryta  fre- 
quently forms  a  constituent  of  slags,  which  also  occasionally  contain 
sulphide  of  barium. 
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Examination  for  Baryta, 

Including  the  Uoiopipe  clmracterisUc8  of  minerals  containing  laryta, 
the  constituents  of  which  can  ie  for  the  most  part  detected  at  the 
same  time. 

SULPHATES. 

a.  Barite  fuses  only  on  the  edge ;  colors  the  flame  yellowish- 
green  ;  on  coiil  in  the  K.  F.  is  reduced  to  sulphide.  With  soda  on 
platinum  foil  it  fuses  to  a  clear  mass ;  on  charcoal  it  at  first  gives  a 
clear  bead  with  soda,  which  spreads  out  on  continuing  the  blast  and 
sinks  with  ebullition  into  the  coal  as  a  strongly  hepatic  mass.  This 
cut  out,  laid  on  silver  foil,  and  moistened  thorbughly,  gives  a  black 
spot  of  sulphide  of  silver. 

When  the  barite  contains  Ca  S  and  a  little  is  treated  with  soda  in 
powder,  the  sulphate  of  baryta  and  the  soda  with  the  sulphuric  acid 
from  the  lime  sink  into  the  coal,  leaving  the  lime,  which  generally 
adheres  to  the  edges  of  the  annual  rings,  and  can  be  recognized  by 
becoming  quite  luminous  when  treated  for  a  while  with  the  0.  F, 

h.  Barytocelestite  fuses  witli  great  difficulty,  but  more  easily  than 
barite,  and  colors  the  flame  yellowish-green.  The  difference  in  the 
fusibility  of  tlie  two  can  best  be  tested  by  pulverizing  each  Avith  a 
little  water,  forming  two  thin  crusts  from  the  paste,  according  to 
p.  70,  and  then  testing  one  of  these  after  the  other  at  the  same 
temperature.  With  soda  it  reacts  like  barite,  as  strontia  also  goes 
into  the  coal.  The  presence  of  strontia  is  detected  by  a  special  test, 
which  will  be  given  here  for  the  sake  of  connection. 

A  little  of  the  mineral  is  pulverized  with  some  purified  graphite 
and  water  in  the  mortar,  dropped  upon  coal,  and  treated  after  careful 
drying  for  some  time  with  the  E.  F.  on  both  sides.  The  resulting 
compound  of  sulphides  of  barium  and  strontium  is  decomposed  in 
a  porcelain  vessel  with  hydrochloric  acid,  the  solution  evaporated 
immediately  to  dryness,  the  salt  dissolved  in  a  few  drops  of  distilled 
water,  and  then  alcohol  added  until  a  spirit  of  about  80°  is  obtained. 
Upon  setting  fire  to  this  and  constantly  stirring  it  with  a  glass  rod, 
the  flame  of  the  alcohol  is  colored  red  with  chloride  of  strontium. 
Even  when  the  amount  of  strontia  is  trifling  the  color  may  be  dis- 
tinctly seen  if  the  solution  of  the  salts  in  alcohol  is  absorbed  by  a 
ball  of  cotton  wrapped  about  a  loop  of  platiniim  wire  and  then  set 
on  fire.  Here,  as  in  the  case  of  the  blowpipe  flame,  care  must  be 
taken  to  avoid  any  impurities  arising  from  soda  salts,  which  would 
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3olor  the  jSame  intense  reddish-yellow  and  more  or  less  conceal  the 
red  flame  resulting  from  any  trifling  amount  of  strontia. 

c.  DreeUte  fuses,  according  to  Dufrenoy,  to  a  white,  bleb])y  glass, 
and  probably  behaves  with  soda  quite  like  barite  containing  lime. 


CARBONATES. 

a.  Witherite  fuses  easily  to  a  bead,  coloring  the  flame  distinctly 
yellowish-green  and  acquiring  an  alkaline  reaction.  "With  soda  fuses 
very  easily  and  goes  into  the  coal.  Dissolves  in  dilute  hydrochloric 
acid  with  efiervescence. 

b.  Barytocalcite  is  almost  infusible,  but  produces  an  intensely 
yellowish-green  flame.  Strongly  heated  it  frits  on  the  surface, 
becomes  bluish-green  (l?a  Hn),  and  acquires  an  alkaline  reaction. 
With  soda  the  lime  separates,  while  the  rest  sinks  into  the  coal. 
With  borax  and  S  Ph  (with  addition  of  nitre,  p.  105),  a  feeble  but 
distinct  manganese  reaction  is  obtained. 

Bromlite  behaves  very  similarly,  with  the  exception  of  the  man- 
ganese reaction. 

The  presence  of  lime  in  barytocalcite  and  bromlite  can  be  detected 
by  cautiously  bringing  the  powdered  minerals,  moistened  with  hydro- 
chloric acid  and  sju-ead  on  a  loop  of  platinum  wire,  near  the  tip  of 
the  blue  flame.  During  the  first  action  of  the  flame,  distinct 
streaks  of  the  yellowish-red  lime  flame  are  seen,  which  are,  however, 
very  soon  concealed  by  the  baryta. 

SILICATES. 

In  silicates  baryta  cannot  be  detected,  either  by  the  flame,  or  by 
its  behavior  with  soda ;  nor  is  there  any  other  means  of  determining 
it  with  certainty  in  the  dry  way.  The  wet  way  must  therefore  be 
used  in  connection  with  the  dry  method. 

The  silicates  above  named,  Tiarmotome  and  hrewsterite,  can  be 
decomposed  by  hydrochloric  acid  so  that,  after  filtering  out  the 
silicic  acid,  all  the  bases  may  be  detected.  Upon  adding  bisulphate 
of  potassa,  or  a  few  drops  of  sulphuric  acid,  to  the  solution  the 
baryta  and  strontia  are  precipitated  as  sulphates,  and  the  onl}'  ques- 
tion is  whether  we  have  both  of  these  salts,  or  which  alone.  To 
determine  this  the  precipitate  is  thoroughly  washed  on  a  filter  with 
hot  water,  spread  on  coal,  dried  with  the  blowpipe,  and  then  heated 
strongly  until  it  adheres.  The  crust  thus  formed  is  tested  in  the 
forceps  as  to  fusibility  and  the  color  it  imparts  to  the  flame.     If  it 
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fuses  to  a  bead,  and  gives  a  red  flame,  it  is  strontia ;  if  it  fuses  ouly 
with  difficulty  on  the  edges,  and  colors  the  flame  yellowish-green,  it  ia 
baryta;  while  if  it  is  less  fusible  than  in  the  former  case  and  more 
fusible  than  in  the  latter,  and  at  the  same  time  produces  rather  a 
yellowish  -green  than  a  red  flame,  it  is  quite  certain  to  be  a  mixture 
of  both.  In  order  to  remove  all  doubtfulness  from  the  reaction  it  is, 
however,  necessary  to  wash  the  precipitate  so  thoroughly  that  no 
soda  can  be  present,  as  this  would  alter  both  the  fusibility  and  the 
flame.  If  the  yellowish-green  flame  has  plainly  shown  baryta,  but 
there  is  still  a  doubt  whether  strontia  may  not  be  present,  the 
already  tested  assay,  or  a  fresh  portion  of  the  precipitate,  is  to  be 
treated  with  graphite  on  coal,  exactly  as  directed  for  barytocelestite, 
p.  138. 

The  manner  in  which  the  other  bases  are  detected  in  harmotome 
and  brewsterite,  and  the  method  of  examining  dressed  ores  and  slags 
with  the  help  of  the  wet  way,  is  described  in  the  examination  of  sili- 
cates containing  lime,  under  lime,  p.  154. 

According  to  Chapman  {Cliem.  Gaz.,  91,  p.  299),  mixtures  of  i3a  S 
and  Sr  B'  are  fused  in  a  platinum  spoon  with  three  to  four  parts  of 
chloride  of  calcium  and  the  fused  mass  boiled  with  water.  To  the 
clear  solution,  diluted  with  water,  a  few  drops  of  chromate  ofpotassa 
in  solution  are  added,  and  if  a  cloudiness  is  produced  this  indicates 
the  presence  of  baryta,  since  strontia  is  only  precipitated  Irom  a 
concentrated  solution. 

MAKGANESE   ORES    CONTAINING   BARYTA. 

In  the  three  manganese  ores  named,  hraunite,  liausmannite,  and 
psilomekme,  the  trifling  amount  of  baryta  can  sometimes  be  detected 
simply  by  the  feeble,  yet  distinct,  baryta  flame  produced  by  a  small 
splinter,  either  alone,  or  moistened  with  hydrochloric  acid.  If  this 
gives  no  satisfactory  result,  a  not  too  small  amount  of  the  mineral  is 
dissolved  in  hydrochloric  acid,  diluted  with  water,  filtered  if  necessary, 
and  tested  with  bisulphate  of  potassa  or  sulphuric  acid.  If  a  pre- 
cipitate results,  it  can  be  collected  on  a  filter  and  tested,  as  before 
described. 

6.  Strontia,  Sr. 
Its  occurrence  in  the  mineral  kingdom. 

Strontia  occurs  only : 
a.  With  sulphuric  acid  in 
Celestite,  3,— Sr  S,  sometimes  witli  a  little  i3a,  Ca,  3^e,  and  tL ; 


STKONTIA — SULPHATES — CARBOl!^  ATES.  141 

Barytocelestite  vide  baryta ; 

Also  occasionally  in  trifling  quantity  in  barite,  vide  baryta. 

h.  "With  carbonic  acid  in 
Strontianite,  1, — Sr  0,  containing  frequently  more  or  less  Ca  0,  Mn, 

Pe,  and  fl ; 
Also  in  trifling  quantity  in  aragonite,  vide  lime. 

c.  With  silicic  acid  in 
Brewsterite,  vide  baryta. 

Examination  for  Strontia, 

Including  the  Uotvpipe  characteristics  of  minej'als  containing  strontia, 
the  constituents  of  which  can  he  for  the  most  part  detected  at  the 
same  time. 

SULPHATES. 

Celestite  (which  generally  decrepitates  when  crystallized)  fuses  to  a 
milk-Avhite  bead,  coloring  the  flame  red,  p.  74.  On  coal  in  E.  F.  it 
spreads  out  and  is  changed  to  a  difficultly  fusible,  hepatic  mass,  con- 
sisting chiefly  of  sulphide.  This  treated  with  hydrochloric  acid  and 
alcohol,  as  directed  under  baryta,  for  minerals  containing  strontia, 
gives  an  intense  red  flame. 

With  soda  fuses  to  a  clear  mass,  which  sinks  into  the  coal  with 
effervescence  ;  any  trifling  admixtures  of  Ca  or  ^e  are  separated  and 
behave  as  stated  on  p.  138.  The  mass  cut  out  from  the  coal  gives  a 
sulphur  reaction  on  silver. 

The  method  of  detecting  strontia  in  barytocelestite  and  certain 
barites  has  been  given  under  baryta. 

CARBON"ATES. 

a.  Strontianite  swells  in  the  blowpipe  flame,  putting  forth  ramifi- 
cations which  glow  with  a  bright  white  light  and  fuse  only  on  the 
thinnest  edges ;  the  flar;ie  is  colored  red,  and  most  strongly  where  the 
assay  is  most  luminous.  After  ignition  the  assay  reacts  alkaline  on 
red  litmus  paper. 

Strontianite  dissolves  with  effervescence  in  dilute  hydrochloric 
acid,  and  if- the  solution  is  evaporated  to  dryness  and  the  resulting 
chloride  of  strontium  treated  with  alcohol,  or  held  in  the  bloAvpipe 
flame  on  platinum  wire,  it  produces  a  red  flame.  According  to  von 
Kobell  a  bit  of  strontianite  moistened  with  the  acid  and  simply  held 
in  the  candle  flame  Avill  produce  a  red  color. 

The  purity  of  strontianite  can  readily  be  tested  by  fusion  with 
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soda.  The  pure  mineral  fuses  to  a  clean  mass  and  goes  into  the 
coal,  but  if  any  Ca,  ^g,  etc.,  are  present  they  are  separated  and  left 
on  the  surface,  as  with  barite. 

h.  Aragonite  sometimes  contains  a  little  strontia,  which  can  be 
detected  by  heating  in  the  forceps  a  fragment  of  the  assay,  previously 
decrepitated  in  a  matrass ;  it  is  infusible,  but  colors  the  flame  more 
intensely  red  than  an  equally  large  piece  of  calcite.  To  detect  it 
more  certainly,  a  sufficient  amount  is  dissolved  in  dilute  hydrochloric 
acid  and  the  strontia  precipitated  with  a  few  drops  of  sulphuric  acid. 
The  precipitate  is  collected  and  treated  as  directed  on  p.  139.  It 
fuses  to  a  bead  and  colors  the  flame  red  like  sulphate  of  strontia. 

Strontia  is  detected  in  Ireivsterite  as  already  directed,  p.  139.  Al- 
thougli  strontianite  sometimes  occurs  in  ore-bearing  veins,  and  it  is 
therefore  presumable  that  strontia  also  frequently  forms  a  trifling 
constituent  in  dressed  ores  and  the  slags  produced  from  them,  it  is 
quite  certain  that  the  very  trifling  amount  could  seldom  be  detected 
with  certainty.  When  it  is  desired,  however,  to  have  regard  to  any 
strontia  present  in  a  slag  or  ore  which  is  being  examined  for  baryta, 
attention  must  be  paid  to  the  remarks  made  under  baryta,  p.  139. 

7.  Lime,  Ca. 
Its  occurrence  in  the  mineral  Jcingdom. 

Lime  is  of  quite  frequent  occurrence  and  is  found  : 
a.  As  chloride  in 
Tachydrite  1,— (Ca  CI  +  3  Mg  CI)  +  13  11 ; 
J.  K&  fluoride  in 

Fluorite  {fliior  spar),  1-3, — Ca  P,  with  sometimes  a  little  CI  and  P ; 
the  blue  fluorite  from  Wolsendorf,  Bavaria,  is  said  to  contain 
hypochlorite  of  lime ; 

Gearksutite,— Ca'  F  +  AP  F"  +  4  £[ ; 

Prosopite,— Ca  F,  Si  F^  Al,  Sig,  Mn,  ft  ;       * 

Yttrocerite  1, — Ca  F,  Y  F,  Ce  F,  in  varying  proportions,  with  prob- 
ably i\,  and  perhaps  also  La  and  t)i. 
c.  With  sulphuric  acid  in 

Anhydrite  3, — Oa  *S,  frequently  containing  a  little  Si,  C,  ^e,  and  fi  j 

Gypsum  1-3, — Ca  S  +  3  fl,  and  occasionally  impurities  ; 

Polyhalite,  vide  potassa ; 

Glauberite,  vide  soda ; 

Dreelite,  vide  baryta. 
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d.    With  nitric  acid  in 

Nitrocalcite, — Ca  K"  +  11. 

c.  With  pliosplioric  acid,  and  at  the  same  time  as  calcium  with 
fiiiorine  and  chlorine  in 
Apatite  1, — phosphate  of  lime  with  chloride  or  fluoride  of  calcium, — 

Ca  (F,  CI)  +  3  Ca*  P;  the  CI  varies  from  traces  to  4.1  per  cent.; 

the  F,  from  1.9  to  2  per  cent.,  is  seldom  directly  determined ; 

many  specimens  contain  some  Se,  Slg,  and  trifling  quantities  of 

alkalies ; 
Talc-apatite, — contains,  besides  the  usual  ingredient  of  apatite,  Sig, 

y,  and  insoluble  portions ; 
Francolite, — analogous  to  apatite,  but  some  Ca  replaced  by  i'e  and 

Hydroapatite, — a  hydrous  apatite  with  5.3  per  cent,  water ; 
Pyroclasite  and  Glaubapatite,  mainly  hydrous  phosphate  of  lime, — 

Ca'  P  +  2  H ;  the  former  with  sulphate  and  carbonate  of  lime, 
sulphate  of  soda,  chloride  of  sodium,  organic  substances,  and 
traces  of  fluorine ;  the  latter  with  sulphate  of  soda  (15.1  per 
cent.)  and  water  (probably  guano,  Dana). 
Lasurapatite  and  Osteolite,  containing  neither  CI  nor  F ;  tne 
former,  however,  contains  besides  phosphate  of  lime,  Bi,  A',  ilg; 
the  latter  Si,  Al,  'Be,-  Ug,  K,  Ka,  C,  II ; 

Brushite  1,— (f  Ca  +  ^  H)'  P  +  4  fl  ; 
Metabrushite  1, — same  formula  but  only  3  fi ; 

Herderite  II,  1,— Al,  Ca,  F,  F  ? 

Tavistockite,— (i-  Ca'  +  i  Al)'  P  +  3  fl. 

/.  With  carbonic  acid  in 
Calcite  1, — Ca  0,  with  occasionally  'Be,  Jin,  Co,  £[,  and  as  limestone, 

often  mixed  with  Ca  8,  clay,  organic  matter,  etc. ; 
Aragonite  1, — Ca  0,  with  trifling  amounts  of  Sr  C,  Ph  C  (taruovi- 

cit-)),  or  Cu  C,  le,  and  fi  ; 
Gay-Lussite,  vide  soda ; 

Plumbocalcite  1,— (Ca,  Ph)  C,  a  variety  of  calcite ; 
Predazzite  1,-2  Ca  C  +  Mg  ll ; 
Pencatite  1,— Ca  0  +  Sig  ll ; 
Hydrodolomite  1,-3  (Ca,  Slg)  C  +  fl ; 
Dolomite  (pearl  spar,  pt. ;  brown  spar,  pt. ;  tharandite)  1, — Ca  0  + 

ilg  C,  occasionally  with  ^In,  Pe,  or  Fe ;  other  varieties — 3  Ca 
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0  +  2  Sig  Q,  or  2  Oa  0  +  %  C  (gulirhofian),  or  Ca  C  +  3  %  0 

(conite).     In  bi'own  spar  (aiikerite,  tautoclin), — Ca  C  +  {^ig,  ^e) 

C,  both  carbonates  occur,  with  very  variable  amounts  of  i'e  0 

and  IVIn  0 ; 

Barytocalcite,  vide  baryta ; 

Manganocalcite,   )      . , 

T.,     °    ,       -^        t  wa(9  manganese : 

Ehodochrosite,      ) 

Tyrohte,  vide  arsenate  of  copper. 

Ca  C  also  forms  the  chief  ingredient  of  chalk,  limestone,  and  mari. 
g.  With  oxalic  acid  in 

Whewellite  1, — Oa  0  +  II,  in  small  crystals  on  calcite. 
h.  With  boracic  acid  in 

Borocalcit  (bechilite  ?)  1,  very  varying  in  composition  ;  the  Tuscan 
variety, — Ca  B  +  4  il ;  the  South  American  (of  Hayes,  now 
referred  to  ulexite  by  Dana), — Ca  B'^  +  6  ft,  also — Oa  &  +  10 
fi[  (the  latter  formula  after  deducting  chloride  of  calcium  and 
gypsum).  According  to  Salvetat  a  quite  similar  mineral  from 
Peru  gives  a  very  different  proportion  in  the  constituents. 

Howlite,— 2  Ca  *Si  +  2  (Ca,  B'  +  fi)  +  H"  B ;  How. 

Hydroborocalcite  1, — {^a,  B"  +•  Ca''  B')  +  10  Ji,  referred  to  ulexi^e 
by  Dana. 

Hydroboracite  1,— (Ca'  B*  +  Mg'  B')  +  18  fl; 

Ulexite,  vide  soda. 

Ehodizite,  according  to  G.  Rose, — Oa  and  B. 
i.  With  arsenic  acid  in 

Haidingerite  1, — Oa"  As  +  4  fl  ; 

Pharmacolite  1,— Ca*  As  +  6  S ; 

Picrophavmacolite  1,— (Ca,  ^gY  As  +  12  tL,  excl.  Co; 

Berzeliite  1,— Ca'  As  +  {^ig,  Sin)'  Is. 

h.  With  tuvgstic  acid  in 
Scheelite  1,— Ca  W,  with  frequently  Si,  a  little  F,  and  sometimes  ^ 
and  Mn. 

I.  With  antimonic  acid  in 

Eomeite  3, — Oa"  "Sb  +Ca  "Sb,  or  also  Ca  Sb,  with  a  little  Sin,  t^e,  and 
Si. 
m.  With  hyponiohic  acid*  in 
Pyrochlore  from  Miask, — Mb,  with  some  W  and  ''ti,  combined  with 
Ca,  1",  Ce,  Th,  a  little  ^e  and  Sin  ;  also  (Na,  K,  Li)  F ; 

*  Vide  note,  p.  327. 
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Pyrochlore  from  Brevig  is  said  to  be  free  from  Na  F,  but  contains  tJ 
and  il ;  it  has  no  iT.     Pyrochlore  from  Fredriksvarn  is  similar. 

Microlite  from  Chesterfield,  Mass., — Wo,  \\[,  XJ,  If,  Oa,  il ;  according 
to  Brush  probably  a  pyrochlore  in  which  tantalic  acid  replaces 
the  columbic  (niobic)  acid ;  Dana. 

Azorite  III,  according  to  A.  A.  Hayes,  columbate  of  lime. 
n.  With  titanic  acid  in 

Perofskite  2,— Oa  Ti,  with  a  little  i\  lin,  lilg. 
0.  With  silicic  acid  in  a  large  number  of  silicates. 

a.  Anhydrous  silicates,  yielding  no  water,  or  only  traces,  when 

treated  in  the  matrass. 

Wollastonite  II,  IG-, — Oa  Si ;  frequently  some  Slg,  I'e,  and  fi ; 

Gehlenite  II-III,  IG,— ll'  Bi  +  R  Bi;  ll  =  Oa,  Mg  ;  U,  =  A\,'Bq; 

Lime — alumina  garnet  (grossularite,  essonite,  cinnamon  stone,  suc- 
cinite) I,  2, — (Oa')°  Bi'  +  AP  Bi',  in  which  some  Oa  is  often  re- 
placed by  Mg,  ]\In,  and  some  Al  by  ^e  ; 

Lime-iron  garnet  (colophonite,  melanite,  polyadelphite)  I,  2, — (Ca')' 
'Bi'  +  ^e"  Bi* ;  inch  a  little  ilg,  Mn,  and  Al ; 

Ouvarovite  (lime-chrome  garnet)  III,  3,— (E=')'  Bi'  +  (Al,  Dr)'  Bi' ; 
^  =  Ca,  ]\'lg,  ^e ; 

Vesuvianite  (idocrase,  cypriue,  egeran)  I  A,  2, — 3  (II')"''  Bi°  +  2  R' 
Si' ;  U=  Oa,  Sig,  Sin ;  U  =  Al,  3^e ; 

Monticellite  (batrachite)  II,  2,— Oa*  Bi  +  Sig'  Bi ;  incl.  some  f'e  in 
place  of  IVIg ; 

Pyroxene  minerals,  of  varying  fusibility. 

1.  Lime — Magnesia  Pyroxene,  including : 
Malacolite, 

Diopside, 

White coccolite,  j-I-II,  2.— (Oa,  %)  Si;  incl.  t^e  and  Sin. 

Traversellite, 

Mussite, 

2.  Lime — Iron  Pyroxene : 
Hedenbergite,   )    ^  ^s     ^^^  g.     .^^^^  ^    ^^^  ^^ 
Lotalite,             \ 

3.  Lime — Magnesia— Iron  Pyroxene : 
Green,  from  Dalecarlia,  I  A,  2,— (Oa,  Sig,  Fe)  Bi,  incl.  Sin ; 
Sahlite,       \ 

Baikalite,    l  I,  2,— (Oa,  Sig,  ^q)  Si. 
Funkite,     ) 

4.  Lime — Iron — Manganese — Zinc  Pyroxene: 

Jeffersonite  I,  3,— (Oa,  Mg,  '¥q,  Sin,  Zn)  Bi. 

10 
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5.  Aluminous  Lime — Magnesia — Iron  Pyroxene : 

^1,  }  "I'  *'-(^^'  *'»'  ^»)  (■*''  ^"')- 

^girite  I,  3—U'  Si'  +  le  Si";  tl  =  Ca,  ^sl,  '^e. 

Scapolite.     The  name  of  a  group  including  :* 

Parantliite, — Al  Si  +  Ca  iSi,  1 

Wernerite,— AP  Si^  +  3  K  Si ;  fi  =  Ca,  Is[a  (£,  Mg),  ^  I-II  A,  1. 
Ekebergite  — 2  AP  Si=  +  3  fi=  Si';  R  =  Ca,  iffa  (S:),  J 

Meionite  I  A,  1, — nearly  3  Ca^  Si  +  3  AF  Bi' ;  incl.  ^,  ]^a,  or  Li,  Fe; 

Axinite  I  A,  3,— (li^)'  Si'  +  2  E^  Bi'  +  ^  B=  Si' ;  fi  =  Oa,  Mg;  R  = 
Al,  le,  Sn ; 

Danburite  I-II,— Ca'  Si  +  B'  Si' ; 

Babingtonite  I  A,  3,-3  R'  Si'  +  ¥e  Si' ;  R  =  Ca,  l^e,  Sin; 

Barsowite  II,  IG,— AP  Si'  +  2  (Ca,  IVIg)  Si ; 

Isopyre  I,  2, — Si,  Al,  S'e,  Ca,  Cu  ; 

Epidote  (bucklandite,  puschkinite,  pistacite),  fusibility  varying,  I  A. 
II  A,  II,  2,-3  U'  Si  +  2  R'  Si' ;  II  =  Ca  with  more  or  less  % 
jB'e,  or,  Mn  ;  R  =.  Al  with  more  or  less  ^e  and  Sin ; 

Zoisite  (thulite)  I-II  A,  3,-3  Ca'  Si  +  2  Al  Si' ; 

Anorthite  II,  1,— Ca  Si  +  Al  Si ; 

Ilvalte  (lievrite)  I,  IG,— Ee'  Si  +  3  '^e'  Bi  +  Ca'  Si; 

Hornblende,  certain  varieties  containing  lime,  vide  magnesia ; 

Meteorites,  vide  potassa. 

(3.  Silicates  with  carhonates  : 

Stroganovite,   )       . ,       ,     - 
„        .   . ,  \  vide  soda. 

(Jancrinite,       \ 

y.  Hydrous  silicates : 

Gyrolite  I  A,  1,— Ca'  Si'  +  3  fi; 

Okenite  I  A,  IG,— Ca  Si'  +  2  fi  ; 

Xonaltite  III  ?,  1,-4  Ca  Si  +  fi ; 

Prehnite  (coupholite,  edelite)  I  A,  2,-2  Ca  Si  +  Al  Si  +  £[ ; 

Scolecite  I  A,  IG,— Al  Si'  +  Ca  Si  +  3  fl  ; 

Diphanite  (margarite),  1, — vide  alumina ; 

Chonicrite  I  A,  1,-7  {Isig,  Ca,  :^e)  Si  +  2  (5lg,  Ca,  J'e)  Al  +  6  fi ; 

Laumontite  I  A,  IG, — Ca  Si  +  Al  Si'  +  4  H ;  caporcianite  is  quite 

similar,  but  contains  3  H  ; 

*  These  formulas  are  not  given  as  expressing  the  exact  composition  of  the  scapolitea 
under  all  circumstances,  but  only  to  give  a  general  view  of  the  varieties.  Thej  are 
from  Naumann. — [Transl.] 
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Palagonifce  I,  IG,— 3  II  Si  +  (Xl,  l^e)^  Si'  +  10  fi ;   il  =  Oa,  % 

(l^iTa,  iS;) ;  some  varieties  contain  more  ll ; 
Leonhardite  I  A,  IG,— 4  'll  Si'  +  3  Ca  Si  +  14  ll ;     • 
Chalilite, — referred  to  thomsonite  by  Dana ; 
Chlorastrolite  I-II  A,  1  — (Ca^  Na')^  Si'  +  2  (Al,  ^e)^  Bi'  +  6  fi; 
Stilbite  I  A,  1,— Al  8i=  +  Ca  Si'  +  6  fl,  including  a  little  J^fa  and  iS: ; 
Heulandite  I  A,  1, — Al  Si'  +  Oa  Si*  +  5  fl;  cerinite  is  similar  in 

composition ; 
Neurolite  III —2  Al  Si"  +  Oa  Si"  +  3  fl. 

(5.  Hydrous  silicates  containing  alumina  as  an  acid : 
Xanthophyllite  III,  2, — referred  to  seybertite  by  Dana; 
Seybertite  (clintonite)  III,  1, — in  Dana's  formula  just  cited,  R  =  Oa,, 

Mg,  i'e ;  Naumann  gives  5  fl  Si  +  6  li  Al,  making  H  unessen- 
tial. 

s.  Hydrous  silicates  containing  horacic  acid: 
Datolite  I  A,  IG,— Oa  Si^  +  Oa  B  +  ^,  or  Oa»  Si  +  B  Si  +  fl ; 
Botryolite  I  A,  IG,  like  datolite,  but  containing  twice  as  much  £[. 

^.  Silicates  containing  titanic  acid : 
Titanite  (spliene,  greenovite)  II  A,  2,— Oa  Si'  +  Oa  Ti\  or  (Oa  +  'Ti) 

Si ;  incl.  a  little  i'e  and  Sin ;  guarinite  is  quite  similar ; 
Scliorlomite  II,  2, — ¥e  Si'  +  2  Oa*  Ti ;  ivaarite  has  nearly  the  same 

composition ; 
Keilhauite  (yttrotitanite)  I  A,  1,-5  'k  (Si  'Ti)  +  R  (Si',  Ti') ;  U  = 

Oa,t;  R  =  A\,^e,{Mn,ne). 
Lime  forms  an  essential  constituent  of  several  other  natural  sili- 
cates, besides  those  above  named,  and  these  have  been  for  the  most 
part  already  mentioned,  under  potassa,  pp.  120-124,  and  soda,  pp- 
127-131,  while  the  remainder  will  be  given  under  magnesia  and 
alumina. 

Calcite,  dolomite,  and  fluorite  being  of  very  frequent  occurrence 
in  ore-bearing  veins,  lime  often  forms  a  considerable  ingredient  in 
dressed  ores,  especially  when  stamped  dry,  and  consequently  also  in 
the  slags  resulting  from  smelting  these  ores  ;  the  amount  of  lime  in 
the  slags  is  also  frequently  increased  by  the  addition  of  calciferous 
fluxes,  necessary  for  smelting  many  ores.  These  slags  occasionally 
contain  Ca  S  and  Ca  F. 
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Examination  for  Lime. 

Including  the  hloiopipe  characteristics  of  calciferous  minerals,  the 
constituents  of  which  can  for  the  most  part  he  discovered  at  the 
same  time. 

FLUOEIDE   OF   CALCIUM   AND   ITS   COMPOUNDS. 

a.  Fluorite  frequently  phosphoresces  with  a  violet  or  greenish 
light,  and  generally  decrepitates  in  the  matrass.  In  the  forceps  it 
fuses  to  a  bead,  and  after  long  heating  colors  the  flame  intense  yel- 
lowish-red, p.  74.  On  platinum  foil  and  charcoal  fuses  with  soda  to 
a  clear  mass,  which  is  opaque  on  cooling,  vide  also  p.  88.  With  gyp- 
sum, barite,  or  celestite,  it  fuses  easily  on  coal  to  a  clear  bead,  opaque 
on  cooling. 

Dissolves  very  easily  in  considerable  quantity  in  borax  and  S.  Ph., 
but  the  glass  becomes  opaque  when  supersaturated. 

Treated  in  the  open  tube  with  fused  S.  Ph.,  it  evolves  hydrofluoric 
acid,  vide  fluorine. 

l.  Yttrocerite,  vide  yttria. 

SULPHATES. 

a.  Anhydrite  yields  no  water,  or  only  traces,  in  the  matrass,  while 
gyjpsum  yields  water  and  becomes  milk-white. 

B.  B.  both  behave  as  follows :  fuse  with  difficulty  to  an  enamel- 
white  bead  and  color  the  flame  red,  but  feebler  than  celestite.  On 
coal  in  R,  F.  yield  sulphide  of  calcium,  which  reacts  alkaline  on  red 
litmus  paper  and  evolves  a  hepatic  odor. 

In  borax  on  platinum  wire  dissolve  to  a  clear  glass,  colorless  unless 
oxide  of  iron  is  present,  when  the  hot  glass  appears  yellow.  A  su- 
persaturated bead  is  opaque  on  cooling.  If  tested  with  borax  on  coal 
the  saturated  bead  becomes  yellow,  owing  less  to  a  little  iron  than  to 
the  formation  of  sulphide  of  sodium.  With  soda  on  coal  cannot  be 
fused  to  a  clear  mass;  distinction  from  barite  and  celestite.  They 
are  indeed  decomposed,  but  the  lime  remains  as  an  infusible  mass, 
while  the  sulphate  of  soda  and  the  excess  of  soda  sink  into  the  coal. 

With  fluorite  they  fuse  to  a  clear  bead,  which  is  enamel-white  on 
cooling  and  SAvells  up  and  becomes  infusible  on  continuing  the  blast. 

I.  Pohjhalite,  containing  C'a  S,  JVlg  'iS,  and  J^  b,  yields  water  and 
fuses  on  coal  to  an  opaque  red  bead,  which  in  the  R.  F.  becomes 
white  and  forms  a  holloAV  crust,  with  a  salt  and  somewhat  hepatic 
taste.    Fused  on  platinum  wire  a  trifling  amount  of  N"a  01  causes  a 


LIME— ITITRATE — PHOSPHATE.  149 

soda  flame,  so  that  the  potassa  can  only  be  seen  by  using  cobalt  glass 
or  indigo  solution,  vide  potassa. 

In  borax  dissolves  easily  with  effervescence  to  a  clear  bead,  some- 
what colored  with  iron,  which  is  opaque  when  very  much  is  added. 
In  S.  Ph.  dissolves  easily  to  a  clear,  colorless  bead,  opaque  on  cooling, 
which  shows  no  iron  color  unless  a  great  deal  is  added.  With  soda 
it  is  decomposed,  yielding  an  earthy  mass,  which  in  the  R.  F.  is  yel- 
lowish from  Na  S.     With  fluorite  fuses  to  an  opaque  bead. 

Lime  and  magnesia  can  only  be  separated  by  the  Avet  way,  and 
each  tested  by  itself  with  the  blowpipe.  The  mineral  is  dissolved  in 
dilute  hydrochloric  acid,  a  trifling  amount  of  sesquioxide  of  iron 
precipitated  by  ammonia,  and  then  the  lime  precipitated  with 
oxalic  acid  and  the  magnesia  with  salt  of  phosphorus. 

c.  Glaiiherite,  containing  besides  Ca  B',  some  iS'a  b,  which  is 
recognized  by  the  soda  flame,  vide  soda,  decrepitates  in  the  matrass 
with  some  violence  and  yields  very  little  water;  at  incipient  redness 
it  fuses  to  a  clear  mass,  yielding  nothing  volatile.  On  coal  becomes 
at  first  white,  then  fuses  to  a  clear  bead,  opaque  on  cooling.  In  the 
R.  F.  the  bead  becomes  infusible  and  hepatic,  and  after  blowing  longer 
the  Na  S  goes  into  the  coal  and  leaves  the  lime  behind.  In  borax 
and  S.  Ph.  dissolves  in  large  quantity  with  effervescence  to  a  glass 
which  is  opaque  on  cooling.  It  is  decomposed  with  soda  on  coal  to 
a  hepatic  mass,  which  sinks  in  and  leaves  the  lime.  With  fluorite 
fuses  like  gypsum. 

d.  Dreelite  probably  reacts  like  a  calciferous  barite  with  soda. 
The  lime  can  be  detected  with  certainty  by  digesting  a  little  of  the 
powdered  mineral  with  dilute  hydrocliloric  acid,  adding  water,  filter- 
ing out  the  residue  of  sulphate  of  baryta,  and  precipitating  the  lime 
with  oxalic  acid  after  making  the  filtrate  ammoniacal. 

.      NITRATE   OF   LIME.  • 

In  the  matrass  yields  water,  and  when  strongly  heated  nitrous 
acid.  On  platinum  wire  gives  a  strongly  luminous  mass,  which 
colors  the  flame  yellowish-red.  Deflagrates  slightly  on  coal,  leaving 
a  white,  earthy,  alkaline  mass,  which  does  not  sink  into  the  coal 
with  soda. 

PHOSPHATE   OF   LIME   WITH   CHLORIDE   AND    FLUORIDE   OF   CALCIUM. 

Apatite  sometimes  phosphoresces  in  the  matrass.  {Eupyrchroite 
from  Crown  Point,  N.  Y.,  shows  green  phosphorescence.)  In  the 
forceps  fuses  with  diiiiculty  on  tl  e  edge  to  a  translucent  glass,  not 
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coloriug  the  flame  distinctly.  The  fine  powder  moistened  with  sul- 
phuric acid  produces  a  transient  bluish-green  flame,  p.  76.  The 
phosphoric  acid  can  also  be  otherwise  detected,  vide  phosphoric  acid. 
In  borax  dissolves  slowly  to  a  clear  glass,  frequently  yellow  from 
iron  while  hot,  and  which  can  be  made  opaque  by  flaming  with 
a  certain  decree  of  saturation :  when  more  is  added  it  becomes 
opaque  of  itself  on  cooling.  In  S.  Ph.  dissolves  largely  to  a  clear 
glass,  which  when  nearly  saturated  becomes  opaque  and  shows  crys- 
talline facets  on  cooling;  these  are  less  distinct  than  those  produced 
by  phosphate  of  lead  in  this  salt.  A  fully  saturated  glass  becomes 
milk-white  without  showing  facets.  With  equal  parts  of  soda  swells 
with  efiervescence  to  an  infusible  mass,  more  soda  goes  into  the  coal. 
Any  manganese  present  can  be  detected  with  soda  and  nitre  on 
platinum  foil,  vide  manganese.  Chlorine  and  fluorine,  if  not  in  too 
small  quantities,  are  found  by  the  tests  given  elsewhere. 

To  ascertain  further  the  presence  of  lime  the  powdered  mineral  is 
dissolved  in  hydrochloric  acid,  a  few  drops  of  sulphuric  are  added, 
the  acid  solution  diluted  with  three  volumes  of  strong  alcohol,  and 
shaken.  Sulphate  of  lime  separates-  and  can  soon  be  filtered  off"; 
after  being  washed  with  alcohol  it  must  react  B.  B.  like  gypsum. 
After  removing  the  alcohol  by  evaporation,  other  ingredients,  like 
ahxmina  and  oxide  of  iron,  can  be  tested  for.  (The  above  solution 
cannot  first  he  treated  with  ammonia,  for  the  lime  would  go  down 
as  phosphate  again.)  To  test  the  apatite  for  magnesia  also,  it  must 
be  fused  in  j^owder  with  soda  and  silicic  acid,  as  will  be  given  under 
the  phosphoric  acid,  the  mass  treated  with  water,  the  carbonates  of 
the  earths  and  any  residual  silica  dissolved  in  hydrochloric  acid,  the 
solution  diluted  with  water,  and  the  silicic  acid,  with  any  traces  of 
alumina  and  sesquioxide  of  iron,  precipitated  with  ammonia ;  after 
which  the  lime  is  thrown  down  with  oxalic  acid  and  the  magnesia 
with  salt  of  phosphorus. 

Among  the  remaining  phosphates  o^  lime,  hyd7'onpafite,  pi/roclasife, 
and  glauhcqmtite  yield  water ;  fluorine  and  chlorine  can  only  be  de- 
tected in  hydroapatite.     The  remaining  reactions  are  like  apatite. 

CARBONATES. 

a.  Calcite.  Decrepitates  sometimes  in  the  matrass,  and  when  con- 
taining metallic  oxides  changes  in  color.  In  the  forceps  is  infusible, 
becomes  caustic,  feebly  luminous,  and  colors  the  flame  red,  but  far 
more  feebly  than  strontianite.  When  afterward  moistened  with  hy- 
drochloric acid  it  gives  a  distinct  characteristic  lime  flame.  After 
thorough  ignition  it  has  an  alkaline  reaction.     Dissolves  with  effer- 
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yescence  in  the  glass  fluxes  and  reacts  like  lime;  if  it  contains  me- 
tallic oxides  they  can  be  at  the  same  time  recognized,  and  then  traces 
of  manganese  must  be  .specially  tested  for,  vide  manganese.  With 
soda  on  platinum  foil  fuses  to  a  clear  mass,  while  the  metallic  oxides 
are  separated ;  on  coal  fuses  at  first,  but  afterward  most  of  the 
soda  sinks  in,  leaving  an  infusible  residue,  which  is  luminous  under 
a  strong  blast.  Sometimes  a  sulphur  reaction  is  obtained  on  silver 
foil,  p.  366. 

h.  Aragonite  crumbles  to  pieces  B.  B. ;  otherwise  reacts  like  cal- 
cite,  but  Avhen  containing  strontia  gives  a  more  intense  red  flame, 
and  when  containing  lead  does  not  give  a  pure  red  but  a  bluish 
flame,  while  with  soda  on  coal  in  the  E.  F.  it  deposits  a  slight  lead 
coat.     This  is  the  case  with  tarnovicite. 

c.  Gay-Lussite  yields  water  in  the  matrass  and  then  has  an  alka- 
line reaction.  In  the  forceps  fuses  to  an  opaque  bead  and  gives  a 
strong  soda  flame.  With  the  fluxes  and  soda  reacts  like  carbonate 
of  lime. 

d.  Plumhocalcite  reacts  like  plumbiferous  aragonite,  but  gives  a 
stronger  lead  coat. 

e.  Predazzite,  jyencatite,  liydrodolomite,  dolomite,  and  all  com- 
pounds of  carbonates  of  lime  and  magnesia,  react  like  carbonate  of 
lime  without  magnesia,  except  that  with  soda  on  platinum  foil  they 
do  not  melt  to  a  clear  mass,  because  the  magnesia  is  separated  and 
can  thus  be  detected.  If  the  reaction  is  not  distinct  enough  the  wet 
way  must  be  employed,  vide  magnesia.  According  to  Von  Zehmen 
lime  may  be  distinguished  from  dolomite  thus :  the  doubtful  min- 
eral is  powdered  as  finely  as  possible,  placed  in  a  slight  liollow  on 
platinum  foil,  and  heated  over  the  spirit-lamp  several  minutes,  until 
it  glows  through  and  through.  Lime  forms  after  ignition  a  slightly 
coherent  mass,  which  is  not  entirely  broken  up  when  carefully 
thrown  from  the  foil;  it  also  shows  a  tendency  to  adhere  to  the  foil 
and  can  only  be  separated  by  gentle  concussion.  Dolomite  poAvder 
when  ignited  is  not  coherent,  but  falls  as  a  loose  powder  from  the 
platinum ;  with  many  dolomites  there  is  a  lively  motion  during  the 
ignition,  caused  by  the  rapid  evolution  of  cai'bonic  acid. 

Oxalate  of  lime,  wlieioellite,  is  converted  into  carbonate  by  feeble 
ignition,  and  its  blowpipe  reactions  then  resemble  those  of  calcite. 

BORATES. 

Borocalcit,  hydrolorocalcite,  and  hydrohoracite  yield  much  water, 
and  fuse  in  the  forceps  with  slight  intumescence  to  a  clear  glass ;  the 
first  and  third  color  the  flame  pale  greenish,  the  second  reddish-yel- 
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low  ;  moistened  with  sulpliuric  acid,  all  three  produce  the  yellowish- 
green  boracic  acid  flame,  p.  75.  Dissolve  largely  in  soda  and  S.  Ph. 
to  a  clear  glass ;  also  on  coal  with  a  little  soda. 

Lime  and  magnesia  can  only  be  separated  in  the  wet  way,  by  dis- 
solving the  powdered  mineral  in  hydrochloric  acid,  diluting  the  acid 
solution  with  water,  and  adding  soda  enough  to  combine  all  the 
boracic  acid  with  itself,  so  that  no  borate  of  magnesia  maybe  thrown 
down  on  adding  ammonia.  The  solution,  with  free  hydrochloric 
acid,  is  then  treated  with  ammonia  in  excess  and  the  lime  and 
magnesia  successively  precipitated  with  oxalic  acid  and  salt  of  phos- 
phorus. 

Rliodizite  yields  no  water;  fuses  only  on  the  edges,  coloring  the 
flame  green.    The  lime  is  detected  as  above. 

ARSENATES. 

a.  Haidingerite,  pliarmacolite,  and  picropharmacolite  behave  simi- 
larly. In  the  matrass  yield  much  water,  especially  the  latter.  They 
also  become  opaque,  and  if  a  fragment  is  afterward  treated  in  the 
forceps  it  fuses  with  intumescence  to  a  white  enamel,  giving  a  light- 
blue  arsenic  flame.  On  coal  in  the  E.  F.  fuse  to  a  semi-transparent 
bead,  sometimes  bluish  from  cobalt,  and  evolve  an  arsenical  odor. 
In  borax  and  S.  Ph.  like  lime,  but  on  coal  the  arsenic  acid  reduces 
and  evolves  arsenical  fumes. 

Decomposed  with  soda  on  coal,  evolving  arsenical  fumes,  while  the 
soda  sinks  in  and  leaves  the  lime.  If  the  residue  from  picropharma- 
colite is  dissolved  in  hydrochloric  acid,  the  solution  supersaturated 
with  ammonia,  and  the  lime  precipitated  with  oxalic  acid,  the  mag- 
nesia can  be  detected  with  salt  of  phosphorus. 

i.  Berzeliite  is  infusible  and  becomes  gray  (giving  probably  a  light- 
blue  flame).  With  the  fluxes  like  the  above  minerals,  but  colors  the 
borax  bead  distinctly  with  manganese.  To  detect  the  magnesia  the 
crust  left  by  soda  on  coal  should  be  dissolved  in  hydrochloric  acid, 
diluted  with  water,  and  the  lime,  magnesia,  and  manganese  precipi- 
tated as  described  under  the  silicates. 

TUNGSTATE   OF   LIME. 

Scheellte  fuses  on  the  edge  to  a  semi-transparent  glass,  not  color- 
ing the  flame.  In  borax  in  0.  P.  dissolves  easily  to  a  clear  glass, 
which  soon  becomes  milk-white  and  crystalline,  and  cannot  be 
colored  in  the  E.  F.,  even  on  coal  with  tin.  In  S.  Ph.  dissolves  easily 
in  the  0.  F.  to  a  clear  bead,  colorless  only  when  quite  free  from  iron, 
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which  treated  in  the  E.  F.  becomes  blue  from  the  formation  of  bin- 
oxide  on  cooling.  Varieties  containing  ii'on  give  a  brownish  glass  in 
the  E.  F.,  "wliich  only  becomes  blue  when  treated  with  tin  on  char- 
coal. Tested  with  fused  S.  Ph.  in  the  open  tube  gives  a  little  hydro- 
fluoric acid.  When  a  little  of  the  pow.dered  mineral  is  fused  Avith 
four  to  five  parts  of  soda  in  the  platinum  spoon  and  then  dissolved 
in  hot  water,  tungstate  of  soda  and  soda  dissolve,  leaving  lime  and  a 
little  sesquioxide  of  iron  and  manganese,  which  may  be  tested  B.  B. 
The  mai>ner  of  separating  the  tungstic  ^acid  will  be  given  under 
tungsten ;  as  well  as  another  simple  method  of  detecting  tungstic 
acid  in  combination. 

Antimonate  of  lime,  romeite. — "With  soda  on  coal  the  antimonic 
acid  is  reduced  and  volatilizes,  forming  a  white  coat,  while  the  lime 
remains  and  the  excess  of  soda  sinks  into  the  coal. 

HYPONIOBATES. 

a.  Pyrochlore  from  Miask  yields  only  traces  of  water.  In  the 
forceps  infusible,  but  becomes  yellow,  and  gives  a  yellow  flame  mixed 
with  much  red  (soda  and  lithia).  With  borax  in  the  0.  F.  a  clear 
glass,  reddish-yellow  when  hot,  colorless  when  cold ;  saturated  to  a 
certain  degree,  it  becomes  opaque  and  reddish-gray  by  flaming  ;  with 
more  it  becomes  opaque  of  itself  on  cooling,  and  is  yellowish  to  red- 
dish-gray. Dissolves  easily  in  S.  Ph.  in  the  0.  F.  to  a  clear  yellow 
glass,  which  in  the  E.  F.  becomes  dark  broAvnish-red,  as  if  from  fer- 
riferous titanic  acid ;  with  tin  the  glass  becomes  violet.  It  is  there- 
fore free  from  uranium.     No  manganese  reaction  can  be  obtained. 

h.  Pyrocldore  from  Fredriksvaru  differs  somewhat  from  the  above. 
According  to  Berzelius  it  behaves  as  follows  : 

Alone  it  becomes  light  brownish-yellow,  remains  lustrous,  and 
fuses  with  great  difficulty  to  a  blackish-brown  slaggy  mass.  Dis- 
solved by  borax  in  the  0.  F.  to  a  reddish-yellow  clear  glass,  which 
can  easily  be  made  opaque  by  flaming,  and  is  then  yellow ;  with  more 
the  bead  becomes  opaque  of  itself  on  cooling.  In  the  E.  F.  it 
becomes  dark-red  and  can  be  flamed  to  a  light  grayish-blue  enamel, 
sometimes  with  streaks  of  pure  blue. 

In  S.  Ph.  it  dissolves  perfectly,  at  first,  witli  some  efiervescence  to  a 
bead,  which  in  the  0.  F.  is  yelloAV  wliile  hot,  but  on  cooling  fine 
grass-green  (uranium).  In  the  E.  F.  this  green  becomes  gradually 
dirtier  and  after  a  short  reduction  a  dark- red '  bead,  inclining  to 
violet,  is  easily  obtained,  as  from  ferriferous  titanic  acid. 

With  soda  and  nitre  on  platinum  foil  a  manganese  reaction. 

c.  Pyrochlore  from  Brevig  probrbly  reacts  quite  like  the  preceding. 
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To  detect  lime  iu  pyroclilore  a  little  of  the  powder  is  fused  with  six 
to  eight  parts  of  bisulj^hate  of  potassa  in  the  platinum  spoon,  p.  20, 
the  fused  mass  poured  out,  pulverized,  and  treated  with  water,  when 
the  basic  constituents  are  mostly  dissolved  and  the  hyponiobic  acid 
remains,  mixed  with  part  of  the  titanic  acid  and  some  gypsum.  After 
filtering  and  washing  for  a  long  time,  so  as  to  separate  the  gypsum 
from  the  acids  named,  a  few  drops  of  nitric  acid  are  added  to  the 
filtrate,  which  is  heated  to  boiling,  and  then  the  dissolved  titanic 
acid  separates  as  a  white  powder.  .After  filtering  this  off,  adding 
some  hydrochloric  acid  and  then  ammonia,  and  again  filtering  out 
the  precipitated  earths  and  metallic  oxides,  the  lime  can  be  .thrown 
down  with  oxalic  acid  and  tested  B.  B. 

In  determining  the  other  constituents  the  directions  must  be  fol- 
lowed which  are  given  under  yttria,  in  the  case  of  tantalates,  etc., 
that  must  first  be  fused  with   bisulphate  of  potassa. 

TITAISTATE   OF   LIME. 

Perof shite.  According  to  Gr.  Eose  it  behaves  as  follows  : 

In  the  forceps  and  on  coal  infusible.  Dissolves  largely  in  borax  to 
a  clear  greenish  glass,  colorless  when  cold.  In  the  R.  F.,  when 
slightly  saturated  and  warm,  light  yellowish-green,  on  cooling  clear 
as  water ;  more  strongly  saturated  it  is  brown  on  cooling. 

With  S.  Ph.  in  0.  F.  same  as  with  borax ;  in  R.  F.  grayish-green, 
but  becoming  more  or  less  violet-blue,  according  to  the  amount  dis- 
solved. 

To  detect  the  lime  the  mineral  is  treated  with  bisulphate  of  po- 
tassa, as  described  for  pyroclilore. 

SILICATES. 

The  silicates  enumerated  under  a,  /3,  y,  and  6,  as  well  as  the  cal- 
ciferous  silicates  before  mentioned  under  potassa  and  soda,  when 
varying  in  their  composition,  can  be  distinguished  from  one  another 
by  the  blowpipe  and  with  reagents;  the  ]3resence  of  lime  can  also 
frequently  be  ascertained  from  the  blowpipe  characteristics.  The  fol- 
lowing indications  are  to  be  observed:  1.  Tumefaction  and  bubbling 
during  the  test  for  fusibility,  often  seen  in  calciferous  silicates,  p.  71. 
2.  Their  behavior  with  borax  and  S.  Ph. ;  since  most  of  these  dis- 
solve easily  in  borax,  while  with  S.  Ph.  not  only  is  the  silicic  acid 
separated,  but  the  glass  also  generally  becomes  opalescent  on  cooling, 
p.  83.     3.  Their  behavior  with  soda;  they  fuse  to  a  bead  with  not 
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too  much  soda;  with  more  they  sometimes  give  a  slaggy  mass,  vide 
table,  p.  88. 

To  determine  the  lime  with  certainty  in  silicates  not  perfectly  de- 
composed by  hydrochloric  acid,  they  must  be  fused,  according  to 
p.  113,  with  soda  and  borax,  and  if  necessary,  silver;  or,  in  case  of 
slags  containing  many  metallic  oxides,  with  gold,  on  coal  to  a  bead, 
which  is  pulverized  and  treated  with  hydrochloric  acid  and  water. 
The  solution  Altered  off  from  the  silica  is  tested,  after  converting 
any  protoxide  of  iron  into  sesquioxide  by  a  few  drops  of  nitwc  acid, 
first  with  a  drop  of  dilute  sulphuric  acid,  or  a  little  bisulphate  of 
potassa,  for  baryta,  and  then  ammonia  is  added  in  slight  excess  to 
precipitate  any  alumina  and  sesquioxide  of  iron  and  chromium.  The 
method  of  separating  alumina  from  the  other  two  oxides  will  be 
given  under  silicates  of  alumina.  When  tungstic  acid  is  present,  as 
in  certain  tin  slags,  the  silica  must  be  tested  for  it,  according  to  the 
directions  given  for  silicates  under  tuugsten.  The  lime  is  then  found 
in  the  ammoniacal  solution,  which  may  also  contain  magnesia  and 
protoxides  of  manganese  and  cobalt,  in  the  following  way : 

When  the  tests  with  fluxes  have  shown  no  manganese  or  cobalt, 
or  only  a  very  little,  the  lime  is  at  once  thrown  down  with  oxalic 
acid,  and  the  oxalate  after  settling  is  filtered  out,  washed,  and  tested 
B.  B.  if  desired.  The  filtrate,  to  which  a  little  oxalic  acid  is  added 
to  make  certain  that  all  lime  is  separated,  is  treated  with  S.  Ph.,  dis- 
solved in  a  little  water,  which  precipitates  magnesia  and  protoxide  of 
manganese  as  phosphates  in  combination  with  ammonia.  This  pre- 
cipitate is  washed  on  a  filter  with  cold  water  containing  a  little  car- 
bonate of  ammonia,  and  tested  B.  B.  On  coal  it  fuses  to  a  bead, 
enamel-white  unless  cobalt  is  present,  when  it  is  blue  or  violet.  By 
fusing  this  powdered  bead  with  soda  and  nitre  on  platinum  foil  the 
presence  of  any  manganese  is  speedily  ascertained,  vide  manganese. 
The  protoxide  of  manganese  becomes  more  highly  oxidized  and  com- 
bines with  the  alkalies  to  a  fluid  mass,  which  can  be  driven  about 
with  the  flame,  while  the  magnesia  adheres  firmly  to  the  foil  and 
can  be  distinctly  seen.  The  cold  mass  is  bluish-green  if  manganese 
is  present,  but  otherwise  white. 

If,  as  is  rarely  the  case,  the  tests  with  the  glass  fluxes  have  shown 
much  manganese  or  cobalt,  and  it  is  desired  to  determine  the  pres- 
ence of  magnesia  with  certainty  after  separating  the  lime,  tliis  must 
be  done  as  follows  :  To  the  ammoniacal  solution  snfiicient  sulpiiide 
of  ammonium  is  added  to  precipitate  the  manganese  and  cobalt, 
which  are  filtered  off  and  washed  with  water  containing  a  little  sul- 
phide of  ammonium.     The  precipitated  sulphides  may  be  roasted  on 
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coal  and  tlien  tested  with  S.  Ph.  for  cobalt,  and  with  soda  and  nitre 
for  manganese.  The  filtrate,  not  too  much  diluted  with  wash-water, 
is  then  acidified  with  hydrochloric  acid  and  heated  until  it  has  no 
odor  of  sulphuretted  hydrogen  and  aj^pears  clear,  while  the  separated 
sulphur  has  settled.  After  then  filtering  out  the  sulphur  and  adding 
an  excess  of  ammonia,  the  lime  is  precipitated  with  oxalic  acid  and 
the  magnesia  with  S.  Ph.* 

The  method  of  decomposing  silicates  containing  besides  lime, 
yttria,  2»rconia,  and  oxide  of  cerium,  will  be  given  under  the  yttria 
and  zirconia. 

Datolite  and  hotryolite,  containing  boracic  acid  as  a  base,  behave 
as  follows : 

In  the  matrass  yield  water.  In  the  forceps  swell  up  and  fuse 
rather  easily  to  a  dense,  clear,  generally  colorless  glass;  coloring  the 
flame  distinctly  green  from  boracic  acid.  The  flame  becomes  more 
intensely  green  when  the  dehydrated  assay  is  moistened  with  sul- 
phuric acid.  Dissolve  easily  in  borax  to  a  clear  glass,  sometimes 
showing  a  very  little  iron.  Dissolve  in  S.  Ph.,  leaving  a  silica  skel- 
eton ;  the  strongly  saturated  glass  is  opaque  to  enamel-white  on 
cooling. 

To  separate  the  lime  from  the  boracic  acid,  the  powdered  silicates 
are  decomposed  by  hydrochloric  acid,  and  the  gelatinous  silica  fil- 
tered out  after  dilution  with  water,  when  thd  solution  is  supersat- 
urated with  ammonia  and  the  lime  precipitated  with  oxalic  acid 
and  tested  B.  B.  Magnesia,  if  present,  would  be  thrown  down  as 
borate  on  adding  ammonia,  since  there  is  neither  soda  nor  potassa 
in  the  solution. 

The  silicates  containing  titanic  acid  enumerated  under  ^,  viz., 
Titanitc,  guarinite,  scJiorlomite,  and  keilhauite  behave  as  follows : 

Titanite  in  the  matrass  sometimes  yields  traces  of  mechanically 
combined  water.  The  yellow  variety  is  unaltered,  the  brown  be- 
comes yellow,  and  according  to  Berzelius  a  variety  from  Frugard  in 
Finland  glows  like  gadoliuite,  but  far  more  feebly.  In  the  forceps  it 
fuses  with  some  intumescence  on  the  edge  to  a  blackish  glass, 
without  coloring  the  flame.  Dissolves  easily  in  borax  to  a  clear  yel- 
low glass.  Dissolves  with  difficulty  in  S.  Ph.,  the  undissolved 
portion  becoming  milk-white.  On  coal  with  tin  the  bead  becomes 
pale  reddish-violet,  showing  titanic  acid,  and  the  glass  then  generally 
opalesces  on  cooling. 


*  The  above  ojjerations  should  not  be  performed  in  the  laboratory,  as  the  escape  of 
Bulphui-etted  hydrogen  is  unavoidable. 
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Upon  fusing  a  little  of  the  powdered  mineral,  according  to  p.  116, 
with  eight  parts  of  bisulphate  of  potassa  in  the  platinum  spoon,  and 
treating  the  fused  mass  at  a  temperature  of  65°  to  75°  C.  with  a  suffi- 
cient amount  of  water,  to  which  a  few  drops  of  hydrochloric  acid 
have  been  added  to  facilitate  the  solution  of  the  sulphate  of  lime, 
this  and  the  titanic  acid  dissolve,  leaving  the  silica  behind.  After 
filtering  the  latter  out  and  washing  it,  a  few  drops  of  nitric  acid  are 
added  to  the  filtrate,  which  is  heated  to  boiling,  and  then,  if  the  so- 
lution is  dilute  enough,  the  titanic  acid  separates  and  can  be  collected 
on  a  filter  and  tested  B.  B.  The  filtrate  from  the  titanic  acid  is  sat- 
urated with  ammonia  to  precipitate  sesquioxide  of  iron,  and  then  the 
Jlime  can  be  thrown  down  by  oxalic  acid. 

Scliorlomite.  In  the  forceps  fuses  with  difficulty  on  the  edge ;  the 
borax  bead  is  yellow  in  the  0.  F.,  green  in  the  E.  F. ;  the  S.  Ph. 
bead,  with  tin  in  the  E.  F.,  becomes  violet.     Eammelsberg. 

KeiUtauite.  In  the  forceps  is  infusible  and  changes  little  or  not 
at  all  in  color;  with  the  fluxes  like  titanite,  but  shows  a  considerable 
amount  of  iron. 

The  wet  way  must  be  employed  to  detect  the  constituents  that 
cannot  be  recognized  with  the  blowpipe.  The  mineral  is  fused  as 
directed  for  titanite  with  bisulphate  of  potassa,  etc.,  and  after  sepa- 
rating the  titanic  acid  from  the  solution,  Y,  'A\,  and  I'e  are  thrown 
down,  leaving  Ca,  Mg,  and  Sin  in  solution.  The  latter  are  precipi- 
tated by  oxalic  acid  and  S.  Ph. ;  the  separation  of  ^  from  I'e  and 
Al  will  be  given  under  yttria. 

8.  Magnesia,  Mg. 

Its  occurrence  in  the  mineral  kingdom. 

Magnesia  forms  a  more  or  less  essential  constituent  in  many 
mineral  substances.  It  occurs  as  an  essential  constituent  in  the 
following  minerals : 

a.  As  free  magnesia  in 
Periclasite  1, — Mg,  but  containing  '^e. 

h.  In  combination  with  water  in 
Brucite  (nemalite)  1, — Mg  3,  sometimes  containing  C,  Bi,  Ca,  Mn, 

Pyroaurite  1,— =^e  S'  +  6  Mg  fl  +  6  £[. 

c.  In  combination  with  metallic  oxides  in 
Magnesioferrite  1-2, — ^ig  "Be,  containing  also  Cu  and  insoluble  parts. 
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.    d.  As  magnesmm  with  chlorine  in 
Tachydrite,  vide  lime ; 
Carnal  lite,  vide  potassa. 

e.  With  sulplmric  acid  in 
Kieserite,— Mg  S  +  fl  ; 
Epsomite,— Mg  'fcJ  +  7  fl ; 
Bloedite,  vide  soda; 

Polyhalite,  vide  potassa ;  ' 

Pickeringite  (magnesia  alum), — ilLg  S"  +  A\  'S'  +  22  II ; 

Bosjemanite,— (Sin,  ]\Ig)  S  +  A\  E"  +  22  fl ; 
Apjohnite  (manganese  alum,  pt.), — Sin  'S  +  Al  S'  +  24  fl. 
/.  With  pJios2)7ioric  acid  m 

Wagnerite  1,— Mg  F  +  Slg'  P,  with  a  little  Si,  Ca,  and  J'e ; 
Lazulite  2,— (Mg,  Ca,  I'e)'  'P  +  Al'  P  +  2  H,  generally  containing 

some  Si  as  quartz  intermixed ;  the  light  varieties  poorer  in  iron 
than  the  dark. 

Bobierrite  1, — Mg^  P,  with  some  fi. 
g.  With  carbonic  acid  (and  water  of  hydration)  in 

Magnesite  1, — Mg  C,  sometimes  containing  Ca,  JFe,  and  Si ; 

Mesitite  1,-2  Mg  C  +  f'e  C* ;  Pistomesite  1,— Mg  C  +  J'e  C ;  and 

Breunerite  (ferriferous  magnesite) ; 

Sideroplesite  1, — 2  I'e  0  +  Mg  C,  a  variety  of  siderite ; 

Predazzite, 

Pencatite,  •  7  t 

Tx  n     -I  ;      • ,      r  ^^"6  lime : 
Hydrodolomite, 

Dolomite, 

Hydromagnesite  1, — 3  (Mg  0  +  fi^)  +  '^g  fi ; 

Lancasterite  (a  mixture  of  brucite  and  hydromagnesite.    Dana.) 

h.  With  horacic  acid  in 

Boracite  1, — Mg  CI  +  2  lAg^  B*,  incl.  a  little  ^e ;  stassfurtite  is 

massive  boracite ; 
Szaibelyite,— 3  Mg'  B"  +  4  fl; 
Hydroboracite,  vide  lime. 
i.  With  arsenic  acid  in 

Hoernesite  1,— Mg'  As  +  8  fi; 

Roesslerite  1,— Mg,  £[,  As  (Ce  trace). 

Picropharmacolite,   )      .,   ,. 
„       \..^  '   }  viae  lime. 

Berzelnte,  \ 
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Tc.  With  silicic  acid  in  the  following  silicates : 

a.  Anhydrous'  silicates,  yielding  no  water,  or  only  traces,  in 
the  matrass. 
Forsterite  (boltonite)  III,  IG,— %^  Si ; 
Chrysolite  (olivine,  peridot)   )      .        . 

Ill  (II)  IGr  (•  (-^^S'       )'  '^^>  containing  sometimes' 

Hyalosiderite  I-II,  IG,  f  ^a,  Sin,  A\  'Or,  ^i,  Cu,  Sn  ; 

some  olivine  contains  traces  of  F ;  the  varieties  richest  in  iron 
are  most  fusible ; 

Enstatite  (bronzite)  III,  3,— Sig  Si  or  (Sig,  to)  Si,  with  a  little  2tl 
and  fl ; 

Talc  II-III,  3,— Mg"  Si"*  +  2  fl,  a  part  of  the  Sig  being  replaced  by 
Fe ;  a  little  A\  and  sometimes  ]?^i  are  also  present.  Steatite  and 
rensselaerite  are  massive  varieties.  Talc  yields  its  water  only 
when  very  strongly  ignited,  and  is  therefore  placed  here ; 

Diaclasite  III,  3,— (Sig,  i'e,  Oa)  Si ; 

Kupfferite  III,— IVEg  Bi ;  some  Mg  replaced  by  J'e ;  some  Or  also 
present. 

Amphibole,  including : 

1.  Varieties  containing  little  or  no  alumina. 

Tremolite  (grammatite,  raphilite)  I-II  A,  2 ;  nephrite  II  A, — (Ca, 

tig)  Si,  with  a  little  Ve,  Sin,  Al,  II,  and  F ; 
Ky matin  (actinolite)  I,  2,  |      .^      .       ^     ,.. 

Asbestus  from  Tarentaise  (actinolite)  I,  2,    \   (^^'  ^^S'  ^®)  ^^  > 
Antholite  (asbestus  from  Koruk)  I-II,  2, — (ilg,  t^e)  Si. 

2.  Aluminous,  including  most  green  and  black  varieties. 
Edenite,— (]VIg,  Ca,)  (Si,  Al^) ; 

H3Jende,   }  ^  ^'  ^  "(%  ^-'  ^^)  C^^'  ^1")  J 

Hypersthene  II,  2, — (Mg,  J'e)  Si ;  generally  some  Ca,  j^l,  and  fi ; 

Anthophyllite  II,  3, — Fe  Si  +  3  Sig  Si ;  containing  a  little  Ca,  Sin, 
Fe,H; 

Pyrope  (magnesia-alumina  garnet)  I-II,  3, — [(Sig,  Ca,  Fe,  Sin)']'  Si' 
+  :XP  Si' ;  some  varieties  contain  Or; 

Bredbergite  (lime-magnesia-irongarnet), — (-^  Ca'  +  \  Slg')"  Si'  |5e 
Si'; 

lolite  (cordierite,  dichroite),  II,  2,-2  (Sig,  Ca)  Si  +  (ll,  Fe)'  Si' , 

Sapphirine  III, — 4  Sig  Al  +  Al  Si' ;  with  a  little  Ca,  Fe,  and  Sin  ; 

Tourmaline.  The  varieties  of  tourmaline  contain  as  acid  constitu- 
ents Si,  B,  P,  and  F ;  as  stronger  bases  t,  JSTa,  Li,  Ca,  Sig,  Fe, 
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and  Mn ;  as  weaker  bases  Al,  ^e,  and  Sn.     The  F,  generally 

from  2  to  2.5  per  cent.,  probably  replaces  some  oxygen  ;  the  P'  is 
so  trifling  that  it  can  be  neglected.    Among  the  weaker  bases 

S:l  predominates,  and  Se  is  next ;  Mn  and  Li  occur  only  in 
green  and  red  varieties ;  ^&  predominates  among  the  alkalies. 
The  amount  of  B  varies  from  seven  to  nine  per  cent,  in  most  of 
them.     Eammelsberg  distinguishes  five  groups : 

A.  Yellow,  brown,  and  black  tourmalines,  free  from  lithia. 

1.  Magnesia  tourmaline  I  A,  3, — li'  Bi  +  3  R  Si  (B  being 
included  under  K) ; 

2.  Magnesia-iron  tourmaline  I  A,  3, — ll'  Si  +  4  R  Si ; 

3.  Iron  tourmaline  I-II  A,  3,— ll'  Si  +  6  R  Si ; 

B.  Blue,  green,  red,   and  colorless   tourmalines,   containing 
lithia. 

4.  Iron-manganese  tourmaline  (blue  and  green)  II  A  and 
II-III,  S—iC  Si  +  8  &  Si ; 

5.  Manganese  tourmaline  (red  and  colorless)  II-III  A  and 
III,  S,—^'  Si  +  10  R  Si. 

/3.  Hydrous  silicates. 
Villarsite  III,  1,-2  (Mg,  '^ef  Si  +  fl  ;  inch  Mn,  Ca,  and  (£) ; 
Serpentine  (marmolite,  picrolite,  baltimorite,  williamsite,  bowenite) 

II-III,  1-2,-2  lig  Si  -I-  Slg  it=,  incl.  Ca,  Ee,  :^1,  and  sometimes 

Sn,  Qy,  IsTi,  and  bitumen ; 
Thermophyllite  (serpentine)  III  A,  2; 
Deweylite  (gymnite)  II-III,  1,— Sig'  Si'  +  6  fl ;  incl.  a  little  Ca,  ^1, 

]ge; 
Genthite  (nickel-gymnite)  III,  1, — {^g,  ISTi)*  Si'  -f  6  fi ;  incl.  some 

Cla,  Ee ; 
Penninite    (kammererite,   rhodochrome)    II-III  A,  2, — Si,   Al,    '^q, 

(^r),  I^Ig,  :e^e,  fi  ; 
Pyrosclerite  I-II,  IG,— 3  Mg'  Si  -!-  (Al,  '^v)  Si  -j-  4  fi ;  vermiculite 

(with  ten  per  cent.  !Pe)  is  very  similar ; 
Jefferisite  II  A,  1,-2  Mg'  Si  +  (Al,  le)'  Si'  +  5  S ;  excl.  Ca,  Ve,t.', 
Peplolite,   composition   similar  to   fahlunite,  p.  129,  but  free  from 

alkalies ; 
Picranalcime,  same  comp.  as  analcite,  p.  129,  but  with  ten  per  cent. 

JVIg  instead  of  the  ^a; 
Aphrodite,— Mg  Si  +  |  ll,  and  a  little  Mn,  Fe,  and  Al ; 
Picrosmine  III,— Mg  Si  -\-  ^  tl,  with  a  little  Mn,  l?e,  Al,  and  NH'; 
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Leuchtenbergite  II-III  A,— 3  iig'  Si  +  2  ll  Si  +  7  fl ;  incl.  some 

Delessite  II-III,  1  — Si,  ^1,  fe,  ^e,  %  (Ca),  fi; 

Eipidolite  II-III,  1  (in  HS),  composition  similar  to  leuchtenbergite; 

Prochlorite  II-III,— 4  (Mg,  i^e)'  Si  +  3  Al  Si  +  9^  £[; 

Monradite  III,— (Mg,  i'e)  Si  +  ^  £[ ;  altered  pyroxene,  Dana ; 

Neolite,— chiefly  3  Ifig  Si  +  H,  but  containing  Al,  ^e,  Ca,  and  Sin ; 

Spadaite  I,  IG—ilg'  Si'f  fl; 

Picrophyll  III,— (Mg,  l^e)  Si  +  |  fi,  and  a  little  Ca,  Mn,  Al; 

Schiller  spar  (bastite)  II-III,  2,   nearly  ]&  Si  +  fi[ ;   il  =  Mg,  Ca, 

^e ;  also  some  Or,  IVln,  Al ; 
Sepiolite  (meerschaum)  II-III,  1,— Sig'  Si'  +  2  fi,  and  generally  a 

trifling  amount  of  Ca,  Al,  We ; 
Saponite  (piotine)  I,  (in  fi:S'), — varying  in  composition,  Si,  Al,  We, 

%(Ca),fi; 
Thalite  and  soapstone,  pt.    Similar  to  saponite; 
Pseudophite  (penninite)  III,  2  ; 
Biharite  II-III,  111,-2    [(Mg,   Ca)']'  Si' +  AP   Si' +  4  fi;   excl. 

some  K ; 
Braudisite  (disterrite),  a  variety  of  seybertite,  vide  lime; 
Pyrallolite  II,  3, — Mg  Si  +  |  fl ;  an  altered  pyroxene  mingled  with 

Mg  H,  and  containing  also  Oa,  Al,  We,  Mn,  and  bitumen  ; 
Dermatine,  III,  (Mg,  J'e)  Si  +  2  fi  ?  with  a  little  Rn,  Al,  Ca,  Na,  *S", 

and  0; 
Hydrophite  (jenkinsite)  II-III, — ft*  Si'  +  4  fl,  excl.  Mn,  Al,  and  V; 
Epichlorite  I-II,  2,-3  R'  Si'  +  2  ft  Al  +  8  fi ;    . 
Corundophilite,— 3  {liLg,  'Pe)'  Si  +  :^1*  Si'  +  10  fl; 
Cerolite  from  Frankenstein,  Silesia,  III, — 2  iS^lg  Si  +  3  £[ ;  a  mineral 

from  Zoblitz  called  TceroUtli,  contained  2.5  ^1 ; 
Xylotile  (Bergholz)  I,— le  Si  +  3  Mg  Si'  +  5  fi;  incl.  some  Ca  and 

Al; 
Praseolite  (fahlunite)  II-III,   )    ^^^.^^.^^  ^^  fahlunite,  vide  soda. 
Esmarkite        "  II,  f 

y.  Silicate  with  j)Jiosj)hate. 

Sordavalite  I,  2,— Si,  Al,  ^e,  {We  ?),  ilg,  P,  fi. 

6.  Silicate  with  fluoride. 
Chondrodite  (humite)  III,  IG, — Mg*  Si'  with  n  oxygen  replaced  by 
fluorine,  n  =  j\,  -^,  -^,  and  ^V 
Magnesia  forms  an  essential  constituent  of  several  other  silicates, 

11 
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Bome  of  which  have  been  given  under  the  alkalies  and  lime,  and  the 
others  will  be  named  under  alumina. 

s.  Aluminates. 
Spinel  III,  3,— IVl^g  A\,  with  sometimes  Bi,  Oa,  Fe.  Gr ; 
Hydrotalcite  (volknerite)  III,  1,  disregarding  the  C,— Mg'  A\  +  13 

%  or  Mg"  Al  +  16  fi  ;  Dana  gives  Al  :E'  +  6  %  fl  +  6  £[ ; 
Ceylonite  (pleouaste,  iron-magnesia  spinel)   III,  3, — ]\'lg  ^1  +  I'e  :^1 

in  varying  proportions  ; 

Hercynite  III,  3, — Fe  Al  (Dana),  with  2.9  per  cent.  Slg ; 

Chlorospinel  III,— Mg  (Al,  Fe)  with  a  little  Oa  and  Cu ; 

Automolite  (zinc  gahnite),  )      •  7     • 

„.,,.,).       ?  /'  .,  .    \   vide  zmc. 

Kreittonite  (zmc-n-on  gahnite),  \ 

As  minerals  containing  magnesia  sometimes  occur  in  the.  gangue 
of  ores,  more  or  less  magnesia  is  also  to  be  found  in  these  ores, 
especially  when  stamped  dry,  and  in  the  slags  obtained  from  smelt- 
ing them. 

Examination  for  Magnesia. 

Incluclmg  the  Mo'wjnjJe  characteristics  of  magnesia  minerals,  the 
constituents  of  which  can,  for  the  most  part,  he  ascertained  at  the 
same  time. 

MAGKESIA   AISTD   ITS   HYDRATE, 

Periclasite  and  Irucite  {nemalite),  the  latter  of  whicli  yields  con- 
siderable water,  react  alkaline  after  strong  ignition,  and  behave  with 
fluxes  and  cobalt  solution  like  magnesia,  but  sometimes  color  the 
glass  more  or  less  with  iron. 

Magnesioferrite  gives  a  strong  iron  reaction  with  fluxes,  and  its 
copper  is  detected  by  moistening  it  with  hydrochloric  acid  and  heat- 
ing it  in  the  0.  F. ;  the  magnesia  can  only  be  found  in  the  wet  way 
with  S.  Ph.  after  precipitating  the  iron  with  ammonia. 

CHLORIDES   AND   SULPHATES. 

a.  Tachydrite  yields  much  water  and  fuses  easily.  Magnesia  can 
only  be  found  in  the  wet  way  after  separating  the  lime,  according  to 
p.  155,  and  adding  S.  Ph.  The  chlorine  can  be  detected  by  means 
of  a  bead  of  S.  Ph.  containing  oxide  of  copper,  vide  chlorine. 

J.  Carnallite  yields  much  water  and  gives  a  strong  soda  flame. 
The  potassa  can,  however,  be-  easily  seen  by  using  cobalt  glass  or 
indigo  solution,  vide  potassa.  On  coal  in  the  E.  F.  with  soda  a  mass 
is  obtained  which  reacts  for  sulphur  on  silver  foil.    With  a  bead  of 
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S.  Ph.  containing  oxide  of  copper  a  chlorine  reaction.     The  presence 
of  the  yarious  earths  can  only  be  shown  by  the  wet  way,  p.  155. 

c.  Kieserite  and  e2)somite  yield  in  the  matrass  water,  which,  after 
long  heating,  has  an  acid  reaction.  On  coal  lose  water  and  sul- 
phuric acid,  becoming  luminous,  infusible,  and  alkaline.  The  ISTa 
01  in  kieserite  causes  a  reddish-yellow  flame.  They  behave  with 
soda  and  S.  Ph.  like  magnesia,  and  with  soda  on  coal  swell,  but  do 
not  fuse;  the  mass  moistened  with  water  erolves  a  hepatic  odor. 
With  cobalt  solution  they  become  rose-red. 

d.  Bloedite  when  heated  loses  water  rapidly ;  at  a  red  heat  fuses 
quietly  to  a  transparent  globule,  white  on  cooling.  (Dana.) 

The  artificial  salt  behaves  similarly,  giving  a  soda  flame,  and  when 
strongly  heated  on  coal  it  boils,  spreads  out  somewhat,  and  leaves  an 
infusible  mass,  yellow  from  sulphide  of  sodium,  while  most  of  the 
sulphate  of  soda  is  absorbed.  The  mass  gives  a  strong  sulphur  re- 
action on  silver. 

e.  Picheringite  and  losjemanite  fuse  in  the  matrass  with  their 
water  of  crystallization,  froth,  and  yield  water.  The  dry  mass 
strongly  heated  evolves  sulphurous  acid.  Both  dissolve  perfectly  in 
borax  and  S.  Ph.,  and  bosjemanite  imparts  a  manganese  color,  espe- 
cially to  borax.  The  magnesia  can  only  be  certainly  detected  by 
dissolving  a  little  of  the  mineral  in  water,  acidifying  the  solution 
with  hydrochloric  acid,  precipitating  alumina  with  ammonia,  and 
then  separating  the  manganese  from  the  ammoniacal  solution  with 
sulphide  of  ammonia,  after  which  the  magnesia  can  be  thrown 
down  by  S.  Ph.,  as  directed  under  lime,  p.  149. 

PHOSPHATES. 

Wagnerite  fuses  only  in  thin  splinters  with  great  difficulty,  with 
formation  of  a  few  bubbles,  to  a  dark  greenish-gray  glass.  ^loist- 
ened  with  sulphuric  acid,  it  momentarily  imparts  a  pale  bluish- 
green  tinge  of  phosphoric  acid  to  the  flame,  p.  76.  Dissolves 
easily  in  soda  and  S.  Ph.  to  a  clear  glass,  slightly  yellow  from  iron. 
Fuses  together  with  soda  with  effervescence,  but  is  not  dissolved ; 
on  platinum  foil  a  weak  manganese  reaction.  Treated  in  an  open 
glass  tube  with  fused  S.  Ph.  it  yields  hydrofluoric  acid,  vide  fluorine. 

To  detect  the  magnesia  with  certainty  a  small  portion  of  the  very 
finely-powdered  mineral  is  fused  with  about  three  parts  of  a  mixture 
of  soda  and  hydrate  of  potassa  in  equal  quantities  in  the  platinum 
spoon,  and  then  treated  with  water  in  a  porcelain  vessel  over  the 
lamp.  Phosphate  of  soda  and  potassa  dissolve,  with  any  silica 
present  and  the  excess  of  carbonate  of  soda,  while  the  magnesia 
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and  a  little  sesquioxide  of  iron  remain  behind.  These  are  washed 
on  a  filter  and  dissolved  upon  it  with  a  little  hydrochloric  acid  and 
the  solution  collected  in  a  test  tube,  in  which  the  iron  is  precipi- 
tated with  ammonia,  and  then  any  lime  present  is  thrown  down 
with  oxalic  acid,  after  which  the  magnesia  can  be  separated  from 
the  ammoniacal  solution  by  S.  Ph.  and  tested  B.  B.  The  phos- 
phoric acid  can  also  be  found  in  the  first  filtrate,  as  will  be  de- 
scribed under  phosphoric  acid. 

Lazulite  in  the  matrass  yields  a  little  water  and  loses  its  blue 
color.  B.  B.  swells  up,  cracks,  crumbles  to  pieces,  and  becomes 
white,  but  does  not  fuse.  It  colors  the  flame  pale  bluish -green, 
from  phosphoric  acid,  and  more  intensely  when  moistened  with 
sulphuric  acid.  Dissolves  in  borax  to  a  clear  glass,  colored  yellow 
by  iron  while  hot.  In  S.  Ph.  becomes  transparent  on  the  edges 
and  gradually  dissolves  to  a  clear  glass,  showing  iron  while  warm. 
With  soda  on  coal  swells,  yielding  an  infusible  mass,  and  with 
cobalt  solution  assumes  a  fine  blue  color. 

The  magnesia  can  be  found  in  these  minerals,  which  also  contain 
phosphate  of  alumina,  by  fusing  the  mineral  on  coal  with  soda  and 
silicic  acid  in  the  0.  P.  and  treating  the  fused  bead  as  will  be 
directed  under  phosphoric  acid.  On  treating  the  assay  with  water 
there  remains,  besides  the  magnesia  and  sesquioxide  of  iron,  sil- 
icate of  alumina  and  soda;  after  filtering  out  and  washing  this 
residue  it  is  dissolved  on  the  filter  in  hydrochloric  acid  arid. then 
the  alumina,  sesquioxide  of  iron,  and  silica  can  be  precipitated  with 
ammonia,  any  lime  present  with  oxalic  acid,  and  the  magnesia  with 
S.  Ph.  The  precipitate  formed  by  the  ammonia  is  dissolved,  if 
desirable,  in  hydrochloric  acid,  evaporated  to  dryness,  the  mass 
dissolved  again  in  water,  and  the  silica  filtered  out,  after  which  the 
alumina  and  iron  are  thrown  down  together  by  ammonia  and  sep- 
arated with  a  solution  of  potassa,  as  will  be  directed  for  the  exami- 
nation of  silicates  under  alumina. 

As  these  minerals  contain  trifling  amounts  of  silica  which  could 
not  be  found  at  the  same  time,  the  following  method  may  be  em- 
ployed: the  powdered  mineral  is  first  fused,  according  to  p.  113, 
with  soda  and  borax  on  coal,  and  the  mass  treated  Avith  hydro- 
chloric acid,  etc.  The  solution  filtered  ofi"  from  the  silica  is  treated 
■with  an  excess  of  ammonia,  and  S.  Ph.  is  added  for  the  sake  of 
certainty,  so  that  all  the  bases  maybe  precipitated  in  combination 
with  phosphoric  acid.  The  resulting  precipitate  is  filtered  ofi*, 
washed,  dried,  fused  with  soda  and  silica  on  coal,  treated  with  water, 
and  the  residue  further  examined  as  has  already  been  directed.  ♦ 
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CARBONATES,    HYDROUS   AND   ANHYDROUS. 

Magnesite  yields  very  little  or  no  water.  B.  B.  infusible,  bui 
shrinks  somewhat  and  acquires  an  alkaline  reaction. 

Hydromagnesite  and  lancasterite  yield  water  in  the  matrass  and 
then  behave  like  magnesite.  With  the  fluxes,  soda,  and  cobalt 
solution,^  the  three  minerals  behave  like  carbonate,  of  magnesia. 
Wlien  some  Slg  is  replaced  by  ^e,  or  IVIn  as  in  ireunerite,  inesitite, 
pistomesite,  sideroplesite,  etc.,  the  fluxes  show  a  manganese  or  iron 
reaction  and  the  cobalt  solution  test  must  frequently  be  given  up. 
When,  moreover,  a  part  of  the  magnesia  is  replaced  by  lime,  as  in 
dolomite,  ankerite,  irredazzite,  pencatite,  hydrodolomite,  etc.,  the  blow- 
pipe'  reaction  for  magnesia  becomes  quite  uncertain,  and  the  wet 
way  must  be  brought  to  aid  it.  A  little  of  the  powder  is  dissolved 
in  hydrochloric  acid,  which  it  does  easily  with  eflervescence  when 
warmed,  the  iron  converted  into  perchloride  by  boiling  with  a  few 
drops  of  nitric  acid  and  then  precipitated  with  ammonia  in  excess, 
the  lime  separated  with  oxalic  acid,  and  the  magnesia,  with  the 
frequently  small  quantity  of  jirotoxide  of  manganese,  thrown  down 
by  S.  Ph.,  as  a  precipitate  which  can  be  tested  with  cobalt  solution, 
p.  97. 

BORATE. 

Boracite  is  unaltered  in  the  matrass  and  yields  no  water,  or  only 
traces.  B.  B.  fuses  with  intumescence  to  a  nearly  white,  crystalline 
bead,  and  gives  a  green,  boracic  acid  flame.  Dissolves  easily  in  borax 
to  a  clear  glass,  yellow  with  iron  while  hot.  In  S.  Ph.  also  dissolves 
easily,  but  the  somewhat  -saturated  glass  can  be  made  opaque  by 
flaming,  and  when  supersaturated  becomes  opaque  of  itself  on  cool- 
ing. It  combines  very  easily  with  soda,  yielding  with  just  the 
right  amount  a  clear  glass,  which  on  cooling  crystallizes  with  facets 
like  phosphate  of  lead.  With  more  soda  a  clear  glass,  not  crystal- 
lizable,  and  which  may  be  regarded  as  borax-glass  containing  mag- 
nesia. The  powdered  mineral  heated  on  coal  with  oxide  of  copp^er 
gives  a  momentary  flame  of  chloride  of  copper,  vide  chlorine.  To 
detect  the  magnesia  and  establish  the  absence  of  other  earthy 
bases,  a  little  is  dissolved  in  hydrochloric  acid  and  further  treated 
as  for  borocalcite,  etc.,  p.  151. 

SfassfurHte  reacts  like  boracite,  but  yields  a  little  water. 

Szaiielyite  yields  water.  B.  B.  splits  open,  glows,  and  fuses  to  a 
pale,  horn-like,  brownish-gray  mass,  coloring  the  flame  yellowish' 
red.  (Dana.) 
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SILICATES.  « 

The  behavior  of  the  silicates  iindei'  a  and  f3,  and  the  silicates 
containing  magnesia  enumerated  under  potassa,  soda,  and  lithia, 
after  being  tested  as  to  fusibility  and  the  presence  or  absence  of 
water,  is  in  general  as  follows:  with  borax  they  dissolve  more  oi 
less  easily  to  a  clear  glass,  which  is  more  or  less  yellow  if  iron  is 
present.  With  S.  Ph.  they  dissolve,  leaving  a  skeleton  of  the  silica; 
those  containing  little  or  no  alumina  most  easily;  the  glass  gen- 
erally opalesces  on  cooling. 

They  also  behave  dissimilarly  with  soda ;  most  of  them,  however, 
fuse  with  a  little  soda  to  a  bead  and  give  a  slag-like  mass  with 
more;  vide  also  the  tables,  p.  88. 

Cobalt  solution  produces  a  magnesia  reaction  only  with  silicates 
containing  few  or  no  coloring  metallic  oxides,  and  also  not  too 
much  alumina,  since,  e.  g.,  a  notable  amount  of  sesquioxide  of  iron 
entirely  conceals  the  red  color  assumed  by  magnesia  with  cobalt 
solution,  while  if  the  silicate  contains  much  alumina  without  color- 
ing oxides,  the  solution  produces  rather  a  blue  than  a  red  color, 
although  when  the  amount  of  alumina  is  not  very  great  this  appears 
nearly  violet,  from  the  blue  of  the  alumina  with  the  rose-red  of  the 
magnesia. 

When  the  magnesia  cannot  be  detected  with  the  blowpipe,  silicates, 
as  well  as  dressed  ores  and  slags,  must  be  examined  for  it  by  the 
method  specially  described  under  lime,  p.  154. 

SILICATES   WITH   PHOSPHATES. 

Sordavalite  yields  water  and  fuses  quietly  to  a  black  bead  in  the 
forceps  or  on  coal.  (Berzelius.) 

Dissolves  easily  in  borax  to  a  glass  colored  yellow  with  iron 
(green,  Dana),  with  S.  Ph.  decomposed,  leaving  a  silica  skeleton. 

The  magnesia  is  found  by  fusing  the  mineral  with  some  soda  on 
coal  in  0.  F.  to  a  bead,  which  is  pulverized  and  treated  with  water. 
Silicate  and  phosphate  of  soda  dissolve  and  the  bases  remain  with 
some  silica.  After  dissolving  this  residue  in  hydrochloric  acid,  and 
separating  iron  and  alumina  with  ammonia,  the  magnesia  is  pre- 
cipitated with  S.  Ph. 

SILICATE   WITH   FLUOEIDE. 

Chondrodite  sometimes  yields  traces  of  water  and  turns  black 
(C.  from  Vesuvius  is  unaltered  in  the  matrass),  but  in  the  open 
Bame  again  becomes  white,  does  not  fuse,  and  when  free  from  iron 
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assumes  a  milk-white  aj)peai'ance.  In  an  open  tube  yields  a  very 
distinct  iiuorine  reaction,  both  alone  and  with  fused  S.  Ph.,  vide 
.fluorine.  Dissolves  slowly  in  borax  to  a  clear  glass,  sometimes 
colored  with  iron,  which  can  be  made  opaque  by  flaming  when 
strongly  saturated,  and  then  appears  more  or  less  crystalline. 
Decomposed  by  S.  Ph.,  leaving  a  silica  skeleton ;  the  glass  opalesces 
on  cooling.  With  a  little  soda  forms  a  difficultly  fusible  gray  slag ; 
with  more  swells  and  becomes  infusible. 

When  free  from  iron  gives  a  pale  rose  color  with  cobalt  solution; 
when  containing  iron  a  grayish-brown  color.  In  the  latter  case  the 
magnesia  can  only  be  determined  Avith  certainty  by  the  aid  of  the 
wet  way,  p.  155. 

ALUMIISTATES. 

a.  Sjnnel  alone  is  unaltered.  The  red  variety  from  Ceylon  be- 
comes black  and  opaque  in  the  forceps,  but  in  cooling  becomes 
translucent  and  chrome-green,  then  nearly  colorless,  and  finally  red 
again.  Dissolved  slowly  by  borax,  even  in  powder,  to  a  clear,  feebly 
yellowish-green  glass.  In  powder  is  dissolved  rather  easily  by  S.  Ph. 
to  a  clear  glass,  reddish  while  warm,  but  when  cold  feebly,  though 
distinctly,  chrome-green.  With  soda  and  nitre  on  platinum  foil 
shows  traces  of  manganese.  The  fine  powder  assumes  a  blue  color 
with  cobalt  solution. 

The  magnesia  can  only  be  detected  with  certainty  by  fusing  the 
very  fine  powder  with  two  volumes  of  soda  and  three  of  borax  on 
coal  to  a  bead,  -which  is  pulverized  and  treated  with  hydrochloric 
acid,  etc.,  p.  113. 

d.  Hydrotalcite  {yolJcnerite)  in  the  closed  tube  yields  much  water. 
B.  B.  infusible,  but  exfoliates  somewhat,  and  gives  out  light.  A 
weak  rose-red  with  cobalt  solution.  With  the  fluxes  intumesces 
and  gives  a  clear,  colorless  glass.  The  Snarum  mineral  reacts  for 
iron.  (Dana.) 

c.  Ceijlonite,  Jiercynite.  Change  color  when  heated,  but  are 
infusible.  Dissolve  in  borax  and  S.  Ph.  to  a  clear  glass,  colored  by 
iron.     The  magnesia  can  only  be  found  as  with  spinel. 

d.  CMorospinel  behaves  like  ceylonite,  but  a  copper  reaction  is 
obtained  by  means  of  S.  Ph.  with  tin  on  charcoal. 

By  fusing  the  powdered  mineral  on  coal  in  the  E.  F.  with  soda 
and  borax  beside  a  silver  button,  until  all  the  copper  is  reduced  and 
united  with  the  silver  and  the  bead  is  quite  transparent,  the  magnesia 
can  be  very  easily  found  as  directed  for  spinel. 
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9.  Alumina,  ^1.        •' 

Its  occurrence  in  the  mineral  Tcingdom. 

Alumina  occurs  very  extensively  : 

a.  As  aluminium  with  fluorine  and  flicoride  of  sodium  in 
Cryolite  and  chiolite,  vide  soda ; 
Prosopite  — Si  F^  AP  F^  Al,  Ca  F,  Ca,  fl  ; 
Fluellite,  according  to  Wollaston,  Al  and  F. 

i.  In  Si  free  state  as 
Corundum  3, — Al.  It  is  subdivided  into  :  a.  Sapphire,  incl.  ruby 
and  the  other  purer,  precious  varieties ;  (3.  Corundum,  includ- 
ing the  dark  or  dull,  not  transparent  varieties;  7.  Emery,  incl, 
granular  corundum.  These  varieties  contain  more  or  less  Fc; 
Ca,  Si. 

c.  Combined  with  water  of  hydration  in 

Diaspore  1-2, — Al  ll,  frequently  containing  some  £*e,  Ca,  and  Si ; 
Gibbsite  (hydrargillite)  1, — Al  H' ;  that  from  the  Ural  contains  a 

little  P ; 
Beauxite,— (Al,  3^e)  fl'^ ; 
Plumbogummite,  vide  lead. 

d.  "With  sulphuric  acid  in 
Felsobanyite  1,— AP  S  +  10  3 ; 
Alumian, — Al  S* ; 

Aluminite  1, — Al  S  +  9  ll,  sometimes  with  a  little  l^e,  Ca,  and  Si ; 
Alunogen,— Al  S'  +  18  fi,  usually  containing  trifling  quantities  of 

3^e,  Ca,  IVIg,  Mn,  and  sometimes  'K,  Na,  and  Si; 
Paraluminite, — AP  B  +  15  fl ; 
Alunite,    ) 

Lowigite,  V  vide  potassa ; 
Kalinite,  ) 

Mendozite,  vide  soda ; 
Tschermigite,  vide  ammonia ; 
Pickeringite,  vide  magnesia ; 
Bosjeraanite    "  " 

Halotrichite,    ) 
Pissophanite,    f   ^^'^^i^on; 

Svanbergite,  vide  soda. 

e.  With  pihosphoric  acid  in 

Turquois  1,— Al'  P  +  5  ll; 
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Peganite  1,— Al'  P  +  6  £[,  mixed  with  phosphate  of  ^e  (and  Cu  ?) ; 

Fischerite  1  (in  sulphuric  acid),— AP  P  +  8  fl,  likewise  containing 

Ca,  I'e,  and  Oa  P ; 

Evansite  1,— AP  P  +  Al  fi'  +  15  fl ; 
Amblygonite,  vide  lithia ; 
Lazulite,  vide  lime ; 

Wavellite  1, — AP  P'  +  12  ll,  sometimes  containing  a  small  amount 
of  2e  and  F; 

Berlinite  2-3,— Al  P  +  i  fl ; 

Callainite,— ll  P  +  5  :fl  ; 

Barrandite  1,— (Fe,  Al)  P  +  4  fi; 

Trolleite  2-3,— Al  P  +  ^  Al  fi" ; 

Cirrolite  1,— AP  P  +  2  Ca'  P  +  3  £[ ; 

Augelite  2-3,— AP  P  +  3  fl  ;  ' 

Striegisan,  a  variety  of  wavellite,  contains  a  notable  amount  of  Si, 
Oa,  and  Fe ; 

Variscite,— P,  Al,  'Cv,  'Be,  Cu,  Ug,  fi,  and  NH'; 

Cacoxenite,    )      . ,   . 

^1  -n      . ,      y  vide  iron  ; 

Childrenite,    ) 

Sphaerite,— AP  P"  +  16  fl. 

/.  With  mellitic  acid  in 
Mellite,— Al  M'  +  15  U. 

g.  With  silicic  acid  in  many  silicates. 

a.  Anhydrous  silicates,  yielding  in  the  matrass  no  water,  or 
only  a  little,  which  is  not  to  he  regarded  as  essential.  . 
Cyanite  III,  3, — Al  Si,  sometimes  containing  'Bq,  Ca,  Sig,  Cu,  and 

Andalusite  (chiastolite)  III,  3, — Si  Si,  frequently  containing  ]^,  Ca, 
Mg,  Be,  Hin,  and  3 ; 

Fibrolite  (sillimanite,  bamlite,  xenolite,  bucholzite,  monrolite)  III, 
3, — Al  Si,  with  a  little  Be,  JJlg;  in  bucholzite  !£;  in  bamlite  Oa 
and  a  trace  of  F; 

Staurolite  III,  3  ;  composition  varying  greatly.  According  to  Eam- 
melsberg  the  iron  is  present  almost  entirely  as  Fe ;  a  general 
formula  may  be  E,  +  2  R  +  w  Si ;  fe*=  ^f'e,  tig,  {iin,  2n) ;  ^  — 
Al,  ^e,  (pn);  some  II  always  present,  according  to  Lechartier. 
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Wichtisite,  )    vide  lime- 

Lepolite  (anorthite),    j  * 

Euclase,  vide  glucina ; 

Beryl  (emerald),  vide  glucina ; 

Pumice, 


„     , . ,        ,    vide  potassa : 
Baulite,    ) 

Feldspar,  vide  potassa  and  soda ; 

Tourmaline,  vide  lime. 

/3.  Sydrous  silicates. 

Worthite  III,  3 ;  a  hydrous,  probably  altered  form  of  fibrolite,  with 
4.6  per  cent,  water  and  a  little  IVIg ; 

Collyrite  III,  l,—k?  *Si  +  9  fi ; 

Myelin  III ;  according  to  Breithaupt  2  ^1  Si  +  ii,  but  according  to 
Kersten  Xl  Bi; 

"Dillnite,— Al^  81="  +  9  fl  ; 

Miloschite  III,  2,— (ll,  Dr)  Si  +  3  fi,  with  a  little  Ca  and  Mg ; 

"Wolchonskoite  (richer  in  &  than  the  above),  vide  chromium ; 

Chloritoid  III,  3  (sismondine,  masonite  II),— (Fe  Sig)*  Bi  +  AY  Si" 
+  4fi; 

Samoite  III,  ia,^^P  Si'  +  10  S ;  excl.  a  little  Ulg,  Oa  C ; 

Pholerite  III,— AF  Si'  +  4  II ; 

Margarite  II-III,— AP  Si  +  Oa  Si  +  fi ;  incl.  some  Slg,  t.,  :5fa,  f  e ; 

Halloysite  (glagerite)  III,  1,— Xl  Si'  +  3  3 ; 

Schrotterite  III,  1, — AY  Si'  +  30  fl,  contains  some  i?e,  Ca,  Cu,  and 
S  (perhaps  as  an  admixture) ; 

Gilbertite,— Si,  A\,  J^e,  Ca,  Sig,  H ; 

AUophane  III,  IG,— Al  Si  +  6  fl,  or  Al  Si  +  5  £[,  frequently  mixed 
with  Fe,  i'e,  Ca,  Sig,  Cu,  0 ; 

Anauxite  II-III,— Si,  A\,  "Be,  ilg,  fi ; 

Kaolin  III,  2,  consisting  essentially  of  Si,  Xl,  and  fl  in  varymg 
proportions,  usually  nearly  Al  Si"  +  2  II,  and  containing  gener- 
ally more  or  less  trifling  amounts  of  Ca  C,  Mg  C,  ^e  S,  and 
alkalies,  as  well  as  the  residues  of  decomposed  aluminous  sili- 
cates ; 

Chrome  Ochre  from  Halle,  II-III,  2-3,— ll  Si"  +  2  fi,  incl.  We,  'Cv, 
and  a  little  £  and  ]?fa; 

Lithomarge,  vide  potassa ; 

Aspasiolite, — Si,  Al,  i'e,  ^Ig,  fl ;  altered  iolite ; 

Zeuxite  II, — Si,  Al,  Ve,  Ca,  ll  (perhaps  B),  Dana ; 

Ellagite  I-II,— Si,  Al,  l?e,  Ca,  ll ;  * 
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Nalcrit  (kaolinite  ?),— Si,  ^1,  Ca,  tig,  %,  I&n,  in  variable  propor- 
tions, with  more  or  less  fl ; 

Ephesite  (probably  related  to  margarite)  III,— Si,  Al,  Oa,  ^e,]N"a,  H; 

Pyrophyllite  III  A,  3,—A\  Si'  +  fl,  containing  a  little  I\Ig  and  Oa ; 

Carpholite  I-II  A,  3,— (Al,  Uu  le)'  Si'  +  3  £[  with  a  little  F; 

Eazoumoffskin, — Al  Si'  +  3  II,  with  a  little  Ca,  Sig,  and  'Pe ; 

Ottrelite  II-III,  y,— 3  II  Si  +  AF  Si'  +  3  fl ;  :K  =  Ve,  ivlu ; 

Phyllite  is  nearly  related  to  ottrelite  ; 

Cimolite  III,  3,— 44:P  Si'  +  6  fi,  sometimes  containing  ^e  and  K  ; 

Teratolite  {Eisensteinmarh) ;  nearly  2  S  Si'  +  5  H,  S  =  Al,  j^e 
(Mn); 

Smectite  (fullers'  earth,  pt.)  II,— 'Si,  Al,  le,  (Mg,  Ca),  fl ; 

Bole  III,  l-2,^Si,  Al,  ^e,  fl,  in  variable  proportions,  sometimes  also 
.  containing  B  and  ISTa  01;  perhaps  in  part  halJoysite;  Dana. 

Montmorillonite  III,  2,— nearly  Al  Si'  +  8  fl ;  excl.  some  Ca,  (it, 
:N"a),  "Bq  ; 

Plinthite  III,— (Al,  E^y  Si'  +  6  fl,  excl.  Ca; 

Bergseife  (bole,  oropion), — Si,  Al,  ^'e,  Oa,  '^Ig,  '^In,  £[,  somelini-s 

also  P,  humic  acid,  carbonaceous  matters,  and  bitumen ; 
Euphyllite,— Si,  Al,  Oa,  tig,  JSTa,  £,  fl ; 
Sloanite  I  A  ?  IG,— Si,  Al,  Oa,  tig,  (N"a,  B:),  fi ; 
Aphrosiderite  II-III,  1,-2  J'e,  Si  +  Fe  Al*  +  2  fl ;  sometimes  some 

i'e  replaced  by  tig ; 
Malthacite  (smectite)  III, — Si,  Al,  'Ba,  Ca,  fl. 

y.  Silicates  with  fluorides. 
Topaz  (pyrophysalite,  pycnite)  III,  3,-5  :^1  Si  +  (AP  F'  +  Si  F') ; 

sometimes  containing  traces  of  3^e. 
Besides  the  silicates  above  given  there  are  several  similar  com- 
pounds in  which  alumina  must  be  considered  as  an  essential  part ; 
these  have  been  in  part  already  mentioned  under  potassa,  soda,  lithia, 
baryta,  lime,  and  magnesia,  while  the  remainder  will  be  enumerated 
under  the  other  earths  and  the  metals,  the  oxides  of  wliicli  are  in 
common  with  alumina  combined  with  silica. 

h.  Compounds  in  which  alumina  occurs  as  an  acid: 
Spinel, 
Volknerite, 
Hydrotalcite, 
Ceylonite  (pleonaste), 
Chlorospinel, 
Chrysoberyl,  'Mcle  glucina ; 


X  vide  magnesia ; 
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Galmite,_       U,-^,  ^inc. 

Kreittonite,  )  .  .,  ■ 

Since  most  of  the  rocks  in  whicli  ore-bearing  veins  occur  contain 
more  or  less  alumina,  and  since  in  extracting  the  ores  it  is  seldom 
possible  perfectly  to  separate  the  adherent  rock  and  the  alumina- 
bearing  minerals  occurring  in  the  vein  itself,  it  follows  that  alumina 
frequently  forms  a  notable  constituent  of  ores  dressed  in  the  dry 
way  and  also  in' the  slags  produced  in  smelting  them. 

Examination  for  Alumina. 

Including  the  llow^npe  characteristics  of  alumina-bearing  minerals, 
the  co7istituents  of  which  can  for  the  most  part  he  ascertained  at  the 
same  time. 

FLUORIDE   OF   SODIUM  WITH   FLUORIDE    OF   ALUMINIUM.       • 

a.  Cryolite  sometimes  decrepitates  in  the  matrass. 

In  the  open  tube,  heated  so  that  the  flame  enters  the  tube,  much 
hydrofluoric  acid  is  evolved,  which  attacks  the  glass,  while  the  con- 
densed water  in  the  tube  reacts  acid  with  Brazil-wood  paper.  B.  B. 
fuses  very  easily,  yielding  part  of  its  fluorine  and  giving  a  strong 
soda  flame.  On  coal  fuses  very  easily  to  a  clear  bead,  opaque  on 
cooling.  After  blowing  longer  the  bead  spreads,  the  fluoride  of 
sodium  goes  into  the  coal*  and  a  suffocating  odor  of  hydrofluoric  acid 
is  perceptible,  while  a  crust  of  alumina  remains,  which  assumes  a 
blue  color  with  cobalt  solution. 

Dissolves  largely  and  easily  in  borax  and  S.  Ph.  to  a  clear  glass, 
milk-white  on  cooling.  Fuses  with  soda  to  a  clear  glass,  which  on 
cooling  spreads  out  and  becomes  milk-white. 

J.  Chiolite  yields  no  water,  fuses  very  easily,  and  behaves  otherwise 
like  cryolite. 

ALUMINA. 

Corundum  alone  is  quite  unaltered.  In  borax  dissolves  with  diffi- 
culty, but  perfectly,  to  a  clear  glass,  colorless  if  no  iron  is  present. 
With  S.  Ph.  dissolves  only  in  powder,  and  slowly,  to  a  clear  glass, 
and  is  not  attacked  by  soda.  The  very  finely-powdered  mineral 
assumes  a  fine  blue  color  with  cobalt  solution. 

"When  it  is  desired  to  examine  it  for  Si,  ^'e,  Oa,  etc.,  it  should  be 
finely  pulverized  in  the  steel  mortar,  to  avoid  any  Si  from  the  agate 
mortar,  fused  on  charcoal  with  soda  and  borax,  and  further  treated 
with  hydrochloric  acid,  as  directed  on  p.  1 12.     According  to  H.  Eose, 
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on  fusion  with  bisulpbate  of  potassa  it  readily  yields  a  mass  soluble 
in  water.  o 

HTDEATE   OF   ALUMIISTA. 

a.  Diaspore  yields  a  little  water  at  first  and  more  when  heated  to 

glowing.    It  decrepitates  little,  or  not  at  all;   Berzelius,   however, 

examined  a  diaspore  from  an  unknown  locality,  which  decrepitated 

with  violence,  crumbling  into  lustrous,  white  scales,  and  only  yield- 

^  ing  water  at  a  red  heat. 

B.  B.  it  is  infusible.  With  the  fluxes  like  alumina,  and  if  notably 
ferruginous  the  borax  bead  is  yellow.  Finely  powdered  it  assumes  a 
blue  color  with  cobalt  solution. 

h.  Gibhsite  behaves  like  diaspore ;  when  containing  phosphoric 
acid  it  colors  the  flame  pale  green. 

SULPHATES. 

• 

a.  Felsohanyite,  aluminite,  and  alumian.  The  two  former  yield  in 
the  matrass  much  water,  and  at  a  high  temperature  sulphurous  and 
sulphuric  acids,  recognizable  by  the  odor  and  Avith  litmus  paper. 
With  borax  and  S.  Ph.  like  alumina.  With  soda  an  infusible, 
hepatic  mass,  and  with  cobalt  solution  a  fine  blue.  Alumian  be- 
haves similarly,  but  yields  no  water. 

h.  Aliinite  yields  water  and  sometimes  crumbles  to  powder,  especi- 
ally when  crystallized.  More  strongly  heated  a  little  sulphate  of 
ammonia  is  sometimes  sublimed,  Avhile  sulphurous  and  sulj)huric 
acids  are  evolved  and  render  the  glass  cloudy.  In  the  forceps  gives 
a  violet  flame,  becoming  reddish-yellow  further  from  the  assay.  If 
the  soda  reaction  is  too  strong  the  potassa  is  easily  found  according 
to  p.  124. 

Dissolves  easily  in  borax  and  S.  Ph.  to  a  clear,  colorless  glass,  but 
sometimes  leaves  a  silica  skeleton  in  the  latter.  Is  infusible  with 
soda,  but  gives  on  coal  a  hepatic  mass.  With  cobalt  solution  a  fine 
blue. 

c.  Ahmogen  swells  up  in  the  matrass,  yielding  much  water,  and  at 
a  higher  temperature  sulphurous  and  sulphuric  acids.  The  dehy- 
drated salt  is  infusible  B.  B.,  but  frequently  gives  a  soda  or  potassa 
flame.  With  fluxes  like  aluminite,  but  the  borax  bead  is  frequently 
yellow  from  iron.  Gives  a  fine  blue  with  cobalt  solution,  unless  con- 
taining too  much  iron.  The  salt  is  easily  soluble  in  water,  and  tliere- 
fore  any  other  earths  present  can  be  readily  found  by  j)roper  reagents. 

cl.  Xalinite  fuses  in  its  water  of  crystallization  and  froths,  yielding 
much  water;  the  residue  heated  to  redness  evolves  sulphurous  and 
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sulplinric  acids,  The  dehydrated  alum  is  infusible  B.  B.  and  give^ 
a  potassa  flame;  if  this  is  prevented  by  soda^i^he  potassa  is  found 
according  to  p.  124.     With  the  fluxes  and  cobalt  solution  like  aluno- 

e.  Mendozite  behaves  like  kalinite,  but  only  gives  a  soda  flame,  in 
which  no  potassa  can  be  detected. 

/.   Tiicliermigite  at  first  acts  like  the  preceding  two  in  the  matrass, 
but  with  a  stronger  heat  some  sulphate  of  ammonia  is  sublimed. 
With  the  fluxes,  etc.,  like  kalinite.     Mixed  with   soda  and   gently  ^j^ 
heated  in  the  matrass,  carbonate  of  ammonia  is  evolved, 

g.  Pickeringite  and  hosjemanite  have  been  described  under  mag- 
nesia, p.  163. 

PHOSPHATES. 

a.  Turquois  in  the  matrass  decrepitates,  yields  some  water,  and 
turns  black.  B.  B.  infusible,  but  assumes  a  brown,  glassy^  appear- 
ance and  colors  the  flame  green,  partly  from  phosphoric  acid  and 
partly  from  a  little  oxide  of  copper.  Dissolves  easily  in  borax  and 
S.  Ph.  to  beads,  yellowish -green  when  hot  and  pure  green  on  cooling 
(copper  and  iron).  The  S.  Ph.  glass  on  coal  with  tin  becomes 
opaque  and  red  from  suboxide  of  copper. 

With  soda  swells  at  first  and  then  is  gradually  dissolved  to  a  semi- 
transparent  glass,  colored  with  iron.  With  more  soda  becomes 
infusible,  and  with  still  more  in  a  good  E.  F.  some  copper  is  reduced. 
The  phosphoric  acid  can  be  detected  by  fusing  the  mineral  with  soda 
and  silica,  dissolving  the  mass  in  water  and  throwing  down  the  phos- 
phoric acid  with  acetate  of  lead,  vide  phosphoric  acid.  From  the 
residue,  insoluble  in  water,  other  constituents  can  be  easily  found 
out,  after  dissolving  it  in  hydrochloric  acid,  as  directed  for  lazulite, 
p.  164. 

d.  Peganite  from  Langenstriegis  occurs  of  an  emerald-green,  a 
greenish-gray,  and  a  greenish-white  color. 

The  emerald-green  variety  yields  water  in  the  matrass  and  assumes 
an  impure  rose  color.  Ignited  in  a  platinum  crucible  it  loses  23.5 
per  cent,  water.  B.  B.  turns  violet,  cracks  at  a  high  heat,  and  is 
infusible,  but  assumes  a  glassy  appearance  and  gives  a  greenish  flame, 
partly  owing  to  phosphoric  acid  and  partly  to  a  little  oxide  of  cop- 
per. The  latter  causes  a  momentary  azure-blue  when  the  assay  is  * 
previously  moistened  with  hydrochloric  acid.  Dissolves  easily  in 
powder  in  borax  and  S.  Ph. ;  the  hot  glass  is  yellow  from  iron,  but 
nearly  colorless  on  cooling.  With  cobalt  solution  the  fine  powder 
becomes  blue.  j 
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The  greenish-gray  peganite  behaves  like  the  preceding,  but  in  the 
matrass  becomes  re(^ish,  in  the  crucible  loses  24.1  per  cent.,  and  in 
the  forceps  becomes  reddish-white.  It  seems  also  to  contain  some- 
what more  iron.  The  phosphoric  acid  in  peganite  can  be  detected  in 
the  same  way  as  with  turquois. 

c.  Fischerite  behaves  quite  like  the  two  preceding  minerals. 

d.  Amhlygonite  in  the  matrass  yields  some  moisture,  which  at  a 
high  temperature  is  acid  and  attacks  the  glass.     B.  B.  fuses  very 

^  easily  to  a  clear  bead  and  gives  a  yellowish-red  flame  of  lithia  and 
soda.  The  pulverized  mineral  moistened  on  platinum  wire  with 
sulphuric  acid  gives  a  momentary  bluish-green  flame  of  phosphoric 
acid.  Dissolves  largely  and  very  easily  in  borax  and  S.  Ph.  to  a  clear, 
colorless  glass.  With  fused  S.  Ph.  in  an  open  tube  yields  hydro- 
fluoric acid,  vide  fluorine. 

e.  Wavellite  in  the  matrass  yields  water,  the  last  drops  of  which 
have  an  acid  reaction  on  Brazil-wood  paper.  The  glass  is  also 
attacked  by  the  liberated  hydrofluoric  acid.  Ignited  in  the  covered 
platinum  spoon  it  loses  twenty-seven  to  twenty-eight  per  cent,  of  its 
weight. 

B.  B.  swells  and  frequently  is  divided  into  fine  acicular  particles, 
which  radiate  from  one  point  and  are  quite  infusible,  but  turn  white, 
if  the  mineral  was  not  already  white,  and  produce  a  hluish-green, 
phosphoric  acid  flame,  most  distinct  after  moistening  with  sulphuric 
acid.  With  the  fluxes  and  cobalt  solution  like  alumina,  but  the 
strongly  saturated  borax  bead  sometimes  shows  a  little  iron,  while  a 
manganese  reaction  is  frequently  obtained  with  soda  and  nitre.  Is 
perfectly  soluble  in  hydrochloric  acid  if  free  from  silica. 

/.  Striegisan  behaves  in  the  matrass  like  wavellite,  but  its  gray 
colpr  becomes  somewhat  darker.  Ignited  in  the  platinum  spoon  it 
loses  25.7  per  cent,  in  weight.  B.  B.  becomes  grayish-white,  is 
infusible,  and  gives  a  bluish-green  flame.  With  the  fluxes,  etc.,  like 
wavellite,  but  shows  rather  more  iron,  and  with  S.  Ph.  a  little  silica 
separates.  Leaves  in  hydrochloric  acid  only  a  trifling  gray  residue. 
Treated  in  the  wet  way  like  turquois,  a  little  lime  is  found  in  addition 
to  alumina  and  sesquioxide  of  iron. 

g.  Variscite  yields  in  the  matrass  considerable  water,  having  an 
alkaline  reaction,  and  does  not  decrepitate,  but  assumes  a  feeble  rose 
color.  Powdered  and  heated  in  a  matrass  with  soda,  carbonate  of 
ammonia  is  evolved.  B.  B.  quite  infusible,  but  turns*  white  and  is 
unaltered  in  the  E.  F.  The  flame  is  tinged  bluish-green.  Dissolves 
rather  easily  in  borax  and  S.  Ph.,  even  in  fragments,  to  a  clear,  pale 
yellowish-green  glass.    With  cobalt  solution  becomes  blue.    Fused 
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on  coal  with  soda,  the  fused  mass  decomposed  by  hydrochloric  acid, 
and  the  solution  evaporated  to  dryness,  a  mass  is  obtained  which 
dissolves  perfectly  in  water;  it  contains  therefore  no  silica.  If 
another  portion  is  fused  on  coal  with  soda  and  silica,  as  described 
above  for  turquois,  and  further  treated  in  the  wet  way,  in  addition 
to  alumina  trifling  quantities  of  sesquioxide  of  iron  and  chromium 
and  of  magnesia  can  be  found  and  the  phosphoric  acid  detected  with 
certainty. 

%         MELLATE   OF   ALUMINA. 

MelUte  yields  water  in  the  matrass,  and  when  heated  to  redness 
chars  and  emits  a  burnt  odor.  In  the  forceps  and  on  coal  burns 
white  and  then  behaves  like  pure  alumina  with  the  fluxes,  etc. 

SILICATES. 

The  silicates  under  a  and  ^,  and  the  alumina-bearing  silicates 
enumerated  under  the  alkalies  and  preceding  earths,  after  being 
tested  for  water  in  the  matrass  and  as  to  fusibility,  differ  considerably 
in  their  behavior;  the  following  remarks,  however,  apply  generally 
to  silicates  rich  in  alumina. 

They  dissolve  with  difficulty  in  borax  to  a  clear  glass,  more  or  less 
yellow  when  iron  is  present. 

With  S.  Ph.  they  are  slowly  decomposed  and  generally  only  when 
powdered,  the  bases  dissolving  and  the  silica  remaining  behind. 
When  alkaline  bases  are  present  the  bead  opalesces  on  cooling.  With 
a  little  soda  they  genei'ally  fuse  to  a  bead,  but  with  more  soda  give  a 
slag-like  mass,  provided  the  bases  are  not  combined  with  a  high  pro- 
portion of  silicic  acid,  vide  also  the  tables,  p.  88. 

Cobalt  solution  can  only  be  employed  when  the  silicate  is  infuaible 
and  contains  little  or  no  coloring  metallic  oxides  and  also  not  much 
magnesia.  An  infusible  silicate  of  alumina  free  from  these  ingredi- 
ents often  assumes  a  fine  blue  color  when  treated  in  fine  powder  .with 
cobalt  solution.  When  it  is  neither  possible  to  determine  the  sili- 
cate with  the  blowpipe,  nor  to  detect  alumina,  the  method  described 
for  lime,  p.  155,  must  be  adopted,  and  also  for  rocks,  dressed  ore,  and 
slags,  which  are  to  be  examined  for  alumina. 

The  substance  is  decomposed  by  hydrochloric  acid  at  once,  or  after 
fusion  with  soda  and  borax,  then  the  silica  and  perhaps  a  trifle  of 
baryta  are  separated,  the  protochloride  of  iron  converted  into  sesqui- 
chloride  of  iron  by  nitric  acid,  and  excess  of  ammonia  gradually 
added  to  the  acid  solution,  which  contains  the  remaining  bases. 
Alumina  and  sesquioxide  of  iron  are  thus  thrown  down  together. 
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witli  any  chromium  present,  which  appears  as  sesquioxide.  When 
the  snbstance  contains  much  magnesia  or  protoxide  of  manganese,  a 
Tcry  trifling  quantity  of  these  is  also  freqnently  i:)resent  in  the 
alumina  and  iron  precipitate,  -which  is  filtered  out,  washed  well  with 
hot  Avater,  and  heated  while  still  moist  with  a  solution  of  caustic 
potassa  until  the  alumina  is  dissolved,  leaving  the  dark-brown 
sesquioxide  of  iron  either  alone  or  mixed  with  the  sesquioxide  of 
chromium  and  exceedingly  trifling  quantities  of  magnesia  and  pro- 
toxide of  manganese.  The  alkaline  solution  is  diluted  with  water, 
the  oxide  of  iron  filtered  out,  and  hydrochloric  acid  added  to  the 
filtrate  until  it  reacts  slightly  acid,  when  the  alumina  is  again  pre- 
cipitated with  ammonia  and  may  be  collected  on  a  filter,  well  washed 
with  hot  water,  and  tested  with  cobalt  solution.  Should  glucina, 
which  behaves  similarly  with  potassa  and  ammonia,  be  suspected,  the 
alumina  may  be  tested  for  it,  as  will  be  described  under  glucina.  If 
the  tests  with  fluxes  have  shown  chromium,  the  separated  ses- 
quioxide of  iron  should  be  examined  for  cliromium,  vide  cliromium. 
The  method  of  detecting  the  other  bases,  lime,  magnesia,  and  pro- 
toxide of  manganese  in  the  ammoniacal  filtrate  from  the  alumina, 
sesquioxide  of  iron,  etc.,  is  given  under  lime,  p.  155  et  seq. 

SILICATE   OF   ALUMIISrA   "WITH   FLUOKIDE   OF   ALUMINIUM. 

Topaz  {pyrophysalite  and  jyycnite)  are  unaltered  in  the  matrass. 
In  the  open  tube  with  fused  S.  Ph.  they  yield  hydrofluoric  acid,  vide 
fluorine.  B.  B.  infusible,  but  the  yellow  topaz  sometimes  assumes  a 
feeble  rose  color.  Dissolves  slowly  in  borax  to  a  clear  glass,  slightly 
yellow  if  iron  is  present.  By  S.  Ph.  they  are  slowly  decomposed,  the 
silica  forming  a  skeleton,  while  the  bead  opalesces  on  cooling. 

Finely  powdered  they  become  blue  with  cobalt  solution. 

According  to  Turner  certain  topazes  fused  on  platinum  wire  with 
fluorite  and  bisulphate  of  potassa  give  a  boracic  acid  flame. 

ALUMINATES. 

The  behavior  of  some  of  the  above-named  aluminates  has  been 
already  stated  under  magnesia;  that  of  the  others  will  be  described 
under  glucina  and  zinc. 

10.  Glucina,  Be. 
Its  occAirrence  in  the  mineral  kingdom. 

Glucina  is  not  of  frequent  occurrence,  being  found  only  in  com- 
bination with  silica  and  alumina. 

12 
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a.  With  silicic  acid  in  the  following  silicates : 

Pheiiacite  III,  3,— :Be'  Si ; 

Euclase  II-III  A,  3—2  Be  Si  +  3  A\  Si  +  S'  Bi;  the  fl  is  only 
expelled  by  strong  ignition ; 

Beryl  (emerald)  II-III,  3,-3  fie  8i  +  A\  Si' ; 

Gadolinite  (certain  varieties),  vide  yttria ; 

Helvite  I-II  A,  IG,  (with  evolution  of  sulphuretted  hydrogen), — 
3  II^  Si  +  Mn  S  ;  R  =  Be,  Mn,  t^e; 

Danalite  II,  IG,— 3  R'  Si  +  Zn  S;-fi  =  l3e,  I^e,  iiw,  Iw; 

Leucophanite,  vide  soda. 

h.  In  combination  with  alumina  in 

Chrysoberyl  III,  3, — Be  Al,  containing  occasionally  trifling  quanti- 
ties of  l^e  or  i?e,  Ca,  Or,  Ou,  Pb,  Si,  and  Ti. 

Examination  for  Glucina, 

Including  the  bloivpipe  characteristics;  of  the  minerals   alove  enu- 
merated. 

SILICATES. 

Phenacite  yields  nothing  volatile  in  the  matrass.  B.  B.  is  in- 
fusible. Is  dissolved  with  extreme  difficulty  by  borax  unless  in  fine 
powder,  when  it  dissolves  rather  easily  to  a  clear  glass.  In  the 
strongly  saturated  glass  white  flocks  are  produced  by  flaming.  The 
powder  dissolves  in  S.  Ph.  and  leaves  a  silica  skeleton.  With  a  little 
soda  a  milk-white  bead,  with  more  it  swells  and  forms  an  infusible 
white  slag.     Cobalt  solution  produces  a  dull  blue  color. 

After  fusing  the  fine  powder  with  soda  and  borax  on  coal,  p.  112, 
and  treating  the  compound  with  hydrochloric  acid  nntil  the  silica 
is  separated,  the  glucina  may  be  readily  separated  and  further 
tested.  The  acid  solution  is  made  slightly  ammoniacal,  when 
glucina  and  any  traces  of  sesquioxide  of  iron  are  thrown  down. 
They,  are  collected  on  a  filter,  washed  thoroughly,  and  heated 
while  still  moist  with  solution  of  potassa,  nntil  the  glucina  is 
redissolved,  leaving  the  oxide  of  iron.  According  to  Schatfgotsch 
particular  care  must  be  taken  that  the  potassa  solution  does 
not  boil,  otherwise  some  of  the  glucina  may  remain  undissolved. 
After  diluting  the  solution  with  water,  filtering  it,  and  making  it 
slightly  acid  with  hydrochloric  acid,  the  glucina  can  be  again 
thrown  down  by  ammonia  and  may  then  be  tested  for  alumina.  To 
this  end  it  is  'filtered  out,  thoroughly  washed,  and  then  shaken  in  a 
test  tube  with  a  large  quantity  of  carbonate  of  ammonia  solution, 
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whicli  dissolves  the  glucina  and  leaves  the  alumina.  The  latter,  if 
fouud,  may  be  collected,  washed,  and  tested  with  cobalt  solution. 
The  ammoniacal  solution  of  glucina  is  heated  to  boiling  in  a  porce- 
lain vessel,  when  the  glucina  goes  down  as  basic  carbonate,  and  thia 
can  be  converted  into  pure  glucina  by  ignition  in  the  platinum 
capsule.     For  its  blowpipe  characteristics,  vide  p.  98. 

Euclase  is  unaltered  in  the  matrass  and  its  w\ater  cannot  be 
detected  here,  being  only  expelled  at  a  veryhigh  temperature.  11  B. 
swells  up  into  cauliflower-like  points,  whitens  and  fuses  with  difla- 
culty  on  the  edge  to  a  white  enamel.  Dissolves  slowly  in  borax  to  a 
clear,  colorless  glass,  which  cannot  be  flamed  opaque.  If  a  fragment 
is  employed  it  first  swells  with  slight  effervescence  and  then  whitens. 
Decomposed  by  S.  Ph.  with  slight  effervescence,  leaving  a  white 
silica  skeleton,  while  the  glass  remains  clear  and  colorless,  but 
opalesces  on  cooling.  A  reduction  assay  with  soda  on  coal  yields 
traces  of  tin. 

Beryl  is  unchanged  in  the  matrass.  B.  B.  thin  splinters  become 
rounded  and  form  a  vesicular,  colorless  scoria ;  transparent  varieties 
become  milk-white.  Dissolves  in  borax  to  a  clear  glass,  fine  green 
when  cold  if  chromium  is  present.  By  S.  Ph.  it  is  very  imperfectly 
decomposed ;  the  assay  remains  nearly  unaltered,  but  diminishes 
somewlmt,  shewing  that  some  silica  is  dissolved  as  well  as  the  bases. 
The  cold  glass  opalesces  and  is  green  if  chromium  is  present.  It  is 
dissolved  by  soda  to  a  clear,  colorless  glass^and  according  to  Berzelius 
the  yellow  mineral  from  Broddbo  and  Finbo  yields  visible  traces  of 
tin  by  the  reduction  assay. 

The  method  above  given  for  phenacite  is  also  employed  in  separa- 
ting the  glucina  from  euclase  and  beryl.  The  precipitate  obtained 
by  ammonia,  containing  the  alumina,  glucina,  and  sesquioxides  of 
iron  and  chromium,  is  treated  as  before  with  potassa  solution,  which 
leaves  the  oxides  of  iron  and  chromium.  These  are  collected  on  a 
filter,  washed,  and  tested.  The  alumina  and  glucina  are  separated 
as  before.  Other  more  accurate  methods  for  the  quantitative  separa- 
tion of  these  earths  {vide  Ausfuhr.  Handhuch  d.  Anal.  Cltem.,  H. 
Eose,  vol.  ii.,  p.  60,  et  seq.)  need  not  be  given  here. 

Helvite  yields  a  little  water  in  the  matrass,  otherwise  unchanged. 
B.  B.  intumesces  strongly  and  fuses  with  difiiculty  to  a  dark-yellow 
to  brown  bead,  not  free  from  bubbles.  Dissolves  slowly  in  borax  to 
a  clear  violet  glass,  nearly  colorless  in  the  R.  F.  It  is  rather  easily 
decomposed  by  S.  Ph.,  yielding  a  silica  skeleton  and  a  colorless  glass, 
opalescent  on  cooling.  Swells  at  first  with  soda,  then  fuses  to  a 
black  bead,  chestnut-brown  in  the  R.  F.  With   more   soda  spreads 
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out,  sinks  partly  into  the  coal,  and  jields  a  sulphur  reaction.  With 
soda  and  nitre  a  strong  manganese  reaction. 

To  detect  the  glucina  the  finely  powdered  mineral  is  dissolved  in 
hydrochloric  acid  (paper  moistened  with  acetate  of  lead  shows  that 
sulphuretted  hydrogen  is  evolved),  carefully  evaporated  to  dryness, 
moistened  with  hydrochloric  acid,  dissolved  in  boiling-hot  water,  and 
the  silica  filtered  out.  The  filtrate  is  further  treated  as  directed  for 
phenacite,  p.  178.  The  protoxide  of  magnesia  can  be  preci}>itated 
in  the  ammoniacal  filtrate  from  the  glucina  and  sesquioxide  of  iron, 
either  with  sulphide  of  ammonium  or  a  solution  of  S.  Ph.,  and 
tested,  p.  155. 

Danalite  ;  B.  B.  fuses  readily  on  the  edges  to  a  black  enamel.  With 
soda  on  charcoal  gives  a  slight  coating  of  oxide  of  zinc  (and  a 
sulphur  reaction  on  silver  foil).  Perfectly  decomposed  Vjy  hydro- 
chloric acid,  with  evolution  of  sulphuretted  hydrogen  and  separation 
of  gelatinous  silica.  Dana. 

Leucophanite  fuses,  according  to  Erdmann,  to  a  clear  bead, 
Inclining  to  violet,  which  can  be  flamed  opaque.  According  to 
Dana  it  whitens  and  shows  purple  phosphorescence  in  the  matrass; 
in  the  forceps  phosphoresces  and  fuses  with  intumescence  to  a  clear, 
colorless  glass,  also  produces  an  intense  soda  flame.  Dissolves  easily 
in  borax  to  a  clear  amethyst-red  bead.  Is  easily  decomposed  by  S. 
Ph.  and  leaves  a  silica  skeleton.  In  the  open  tube  with  fused  S.  Ph. 
shows  fluorine. 

The  lime  and  glucina  may  be  easily  found  by  the  method  given 
for  phenacite;  the  ammoniacal  filtrate  from  the  glucina  contains  the 
lime,  which  is  thrown  down  with  oxalic  acid. 

COMBINATION   OF   GLUCINA  AND   ALUMINA. 

CliryHoheryl  is  unaltered  in  the  matrass.  B.  B.  infusible,  but 
heated  in  fine  powder  on  coal  becomes  glassy  on  the  edges.  Dissolves 
slowly  in  borax  and  S.  Ph.  to  a  clear  glass ;  in  S.  Ph.  dissolves 
very  slowly  unless  powdered.  With  soda  only  rendered  dull  on  the 
surface ;  otherwise  not  attacked.  The  powder  becomes  blue  with 
cobalt  solution.  The  glucina  is  separated  as  described  abover  for 
phenacite,  etc. 

11.  Yttria,  ^,  AND  Erbia,  !&. 
Their  orxurrence  in  the  mineral  kingdom. 

Yttria  is  l)ut  rarely  met  with  and  nearly  always  in  common  with 
Oxide  of  erbium  in  various  combinations. 
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a.  As  jJuoruii'  of  yitriutn  in 
Yttroeorite,  vide  lime. 
h.  ^\"\th  pJiOspJioric  acid  in 

Xeuotimo'  3. — tT'  P  :  that  from  Georgia  contains  eleven  per  cent.  Ce, 
a  little  ^  and  Si  are  sometimes  present. 
c  With  tantalic  acid  in 

Yttrotautalite  3,— (t.  J^e,  Ca.  t)"  Ta' ;  Dana.  Some  W,  §u,  % 
Cu,  and  il  are  frequently  present,  and  yttrotantalite  from 
Ytterbv  contains   further,   aocordins;  to    Hermann's    analvses 

given  by  Dana,  :^b  (Cb),  Ti,  Th,  Ce,  Li,  t)l  SLu.    There  are 
two  varieties,  a  black  and  a  t/ellotc. 

Hielmite ;— Ta,  W,  Sn.  t,  Ca,  XJ,  t>,  Sin,  Ce,  La,  fti  (Cu,  Sfg),  fi. 

(/.  With  niobic  aci^f^  in 
Fergusonite  3,— ^b,  t.  Zr,  Oe.  Pe,  Bn,  tl,  ll ; 
Sanmrskite  1  — Sb,  W,  t,  C,  Th,  Zr,  ^e,  Shu  Ce,  ifg,  Ca,  fl; 
Tyrite  is  similar  to  fergusonite  and  probably  a  variety  of  it 

c.  With  niobic  and  fifauic  acids  in 
Euxenite  3, — ^b,  Ti,  "iJT,  tT  (Ce,  1a\),  te,  i[g,  Ca,  fl ;  D:ma  includes 

Ta : 

Polycrase  2,— 5  b.  Ti.  Zr.  t,  Ce,  ^C^,  ^e  (Al,  Ciu  Mg) ; 

^schynite  3,— 5^b,  Ti,  Sn,  Th,  Oe  (La,  I)i),  i\,  Ca,  t,  traces  of  F. 

/.  With  fifanic  acid  in 
Polymignite  3,— Ti,  Zr,  Fe,  i\  i^\  Ca.  Mu  (traces  of  fv,  Xfg,  §i.  ?n). 
g.  With  silicic  acid  in  a  few  silicates,  some  of  which  contain  a 
little  water. 
Gadolinite  (free  from  glucina),  from  Ytterby,  Finbo.  and  Rixxidbo, 

III,  IG.— 2  t*  Si  +  IV  Si,  Ii=  Ce,  t'e  (Ca,  Xlg) ;  also  a  litde 

Al: 
Gadolinite   (^coniaining  glucina)    from  Yttorby  and  Hitt<^rOo.    Ill, 

1. — approximately  It*  Si',  Dana  (for  the  Hitteroe  minenil) ;  1^ 
.=  1',  Ce,  fto.  t'e  (Ca) :  also  \a\  and  pivbably  £  and  Di; 
Alvite  III,  3.— Si,  t,  Th?  be  (Ca),  Zr.  J5e.  Al,  k: 
Muromontite  II,  IG.— Si,  Y,  f'e,  Ce,  fte,  Lu  Al  (Xln.  Ca,  :Slg,  :&"a, 

Iv,  It) : 
JJodenite  II,  IG,— Si,  t,  IV.  Co.  La.  (a,  Mg.  Mn.  1\.  X.u  Al.  it. 


*  T7<fe  note,  p.  327. 
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h.  Witli  tita7iic  acid  and  comiuiations  of  silicic  acid  in 
Keilhauite  (yttrotitanite),  vide  lime. 

i.  AYith  carhonic  acid  in 
Tengerite  1 ;  according  to  Svanberg  and  Tenger,  carbonate  of  yttria. 
(Dana.) 

In  addition  to  the  above  minerals  there  are  a  few  more  which  con- 
tain trifling  quantities  of  yttria,  vide  cerium. 

Examination  for  Yttria  and  Erbia, 

Including  the  blowpipe  characteristics  of  the  above-mentioned  minerals. 

Mosander,  who  discovered  oxide  of  erbium  in  yttria,  separated  by 
chemical  processes  from  various  minerals,  found  that  the  accurate 
separation  of  these  bases  from  each  other  was  ;it  tended  with  numer- 
ous difficulties  and  could  only  be  accomplished  1  y  'ising  a  considerable 
amount  of  material,  while  even  then  the  bases  could  not  always  be 
isolated  in  a  chemically  pure  state.  Since  blowpipe  examinations 
are  only  made  upon  small  quantities  of  a  substance,  we  cannot  expect 
to  make  any  accurate  separation  of  these  bases  until  more  certain  and 
simple  methods  become  known,  and  generally,  therefore,  the  blow- 
pipe examinations  will  be  limited  to  the  separation  of  both  bases 
together,  being  only  further  extended  when  the  substance  to  be 
examined  is  rich  in  yttria,  or  a  larger  amount  of  it  is  used  than  in 
the  ordinary  blowpipe  analyses. 

When  not  too  small  a  quantity  of  yttria  has  been  prepared,  free 
from  iron,  uranium,  and  other  easily  separable  metals,  the  oxides  of 
which  appear  colored  after  ignition,  by  the  methods  to  be  hereafter 
given,  pure  yttria  may  be  obtained  from  it  in  the  following  way  : 

1.  The  separated  yttria  is  dissolved  in  hydrochloric  acid  and  dilute 
ammonia  added  to  the  solution  in  small  quantities.  The  precipitate' 
which  forms  after  each  addition,  is  filtered  off,  washed,  and  dried. 
By  this  means  basic  salts  are  obtained,  the  latter  portions  of  which 
ax-e  perfectly  colorless  and  contain  only  yttria.  The  preceding  ones 
are  reddish  and  contain  constantly  increasing  quantities  of  erbia, 
which  is  especially  found  in  the  precipitates  first  formed. 

2.  The  yttria  separated  from  the  minerals  may  be  dissolved  in 
nitric  acid  and  the  solution  treated  as  above.  When  the  precipi- 
tates are  separately  treated  the  first  one  yields  a  dark -yellow  oxide, 
and  the  succeeding  ones  appear  paler  and  paler,  until  the  last,  which 
is  quite  white  and  consists  of  pure  yttria. 

.3.  A  similar  separation  may  be  accomplished  by  treating  an  acid 
solution  with  bin  oxalate  of  potassa,  but  certain  precautions   must 
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oe  observed,  and  as  the  method  is  complicated  and  requires  time  it 
will  not  now  be  further  described. 


FLUOEIDE   OF   CALCIUM  WITH   FLUORIDES    OF   TTTRIUM   AND 
CERIUM   IN"   VARYING   PROPORTIONS. 

Yttrocerite  from  Finbo  jnelds  some  water,  which  has  a  burnt  odor. 
The  dark  variety  becomes  white  in  the  matrass.  On  coal  it  is 
infusible,  but  upon  addition  of  gypsum  fuses  to  an  opaque  bead. 
With  borax  and  S.  Ph.  a  yellow  bead  while  hot;  this  can  be  flamed 
opaque  at  a  certain  degree  of  saturation.  With  a  little  soda  fuses  to  a 
bead,  with  more  becomes  less  fusible,  and  when  still  more  is  added 
the  soda  sinks  into  the  coal,  leaving  an  infusible  mass  beliind. 
(Berzelius.) 

Yttrocerite  from  Broddbo  decrepitates  slightly  in  the  matrass. 
B.  B.  infusible,  but  becomes  milk-white,  then  brick -red,  although 
not  always  similarly  colored.  With  gypsum  it  is  infusible,  owing 
to  the  large  amount  of  fluoride  of  cerium.  With  the  glass  fluxes 
almost  like  sesqui oxide  of  cerium.  All  yttrocerite  yields  hydrofluoric 
acid  when  tested  in  the  open  tube  with  fused  S.  Ph.,  vide  fluorine. 

The  yttria  in  yttrocerite  can  only  be  detected  by  the  wet  process. 
A  little  of  the  very  fine  powder  is  digested  with  sulphuric  acid  in  a 
platinum  dish,  stirred  up  with  a  platinum  wire  and  heated  over  the 
spirit-lamp  under  a  chimney,  until  all  of  the  fluorine  and  then  all  of 
the  superfluous  sulphuric  acid  are  expelled,  leaving  sulphates  behind. 
These  are  dissolved  in  dilute  hydrochloric  acid,  water  is  added,  and 
the  diluted  solution  filtered,  if  any  sulphate  of  lime  should  remain 
undissolved.  From  the  clear  solution  protoxide  of  cerium  and 
oxides  of  lanthanium,  didymium,  yttrium,  and  erbium  are  precipi- 
tated by  adding  ammonia  in  slight  excess,  and  the  precipitate  is 
filtered  out.  From  the  ammoniacal  filtrate  lime  is  thrown  down  by 
oxalic  acid.  The  precipitate  formed  by  adding  ammonia  is  washed 
with  hot  water,  until  the  wash  water  is  no  longer  clouded  by  oxalic 
acid.  (If  it  were  necessary  to  examine  this  precipitate  for  alumina 
or  glucina  it  would  require  to  be  heated  moderately  with  a  solution 
of  potassa,  and  if  it  contained  sesquioxide  of  iron  this  would  be 
afterward  removed  by  a  dilute  solution  of  oxalic  acid,  t-iVZe  phosphate 
of  yttria;  bift,  according  to  Berzelius,  yttrocerite  contains  none  of 
these.)  The  well  washed  precipitate  is  then  transferred  to  the  larger 
porcelain  vessel,  p.  43,  Fig.  G2,  or  to  a  small  beaker  glass,  dissolved 
in  a  little. hydrochloric  acid,  and  diluted  with  water.  In  this  solution 
is  placed  a  crust  of  crystallized  sulphate  of  potassa,  so  that  it  reaches 
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above  the  surface  of  the  liquid,  and  the  whole  is  set  aside  for  twenty 
four  hours,  or  else  the  solution,  if  not  too  dilute,  is  treated  with  a 
quite  concentrated  solution  of  sulphate  of  potassa,  prepared  with  the 
aid  of  heat,  and  the  whole  is  allowed  to  cool.  In  either  case  the 
result  is  a  liquid  saturated  with  sulphate  of  potassa,  in  Avhich  yttria 
and  protoxide  of  cerium  form  double  salts  with  the  potassa.  and 
sulphuric  acid.  The  yttria  salt  is  soluble  in  the  saturated  solution 
of  sulphate  of  potassa,  while  that  of  the  protoxide  of  cerium  is 
insoluble  and  falls  to  the  bottom  as  a  white  powder.  It  is  filtered 
out,  washed  with  a  saturated  solution  of  sulphate  of  potassa,  and 
dissolved  in  boiling-hot  water,  after  which  the  protoxide  of  cerium 
is  thrown  down  with  potassa  solution  by  the  aid  of  heat,  filtered 
ont,  washed  thoroughly,  and  then  ignited  in  the  platinum  spoon. 
During  ignition  it  oxidizes  to  sesquioxide  and  assumes,  if  pure,  a 
lemou-yellow  color;  but  if  it  contains  didymium  it  assumes  a 
cinnamon-brown  hue.  Oxide  of  lanthanum  is  white  and  therefore 
any  admixture  of  it  would  not  be  perceptible,  but  upon  treating  the 
ignited  oxide  with  nitric  acid,  evaporating  it  to  dryness,  and  igniting 
the  dry  residue  with  access  of  air,  the  oxide  of  lanthanum  may  be 
extracted  with  very  dilute  nitric  acid  and  precipitated  with  solution 
of  potassa,  vide  cerium,  lanthanum,   etc. 

The  yttria  remaining  in  the  solution  is  likewise  precipitated  by 
potassa  with  the  aid  of  heat,  filtered  out,  and  ignited.  To  test  it  for 
erbia  it  is  dissolved  in  hydrochloric  or  nitric  acid  and  ammonia 
added  in  small  portions,  p.  182.  If  the  first  precipitates  apjiear 
yellow  after  ignition  it  may  be  assumed  tliat  the  yttria  contained 
erbia,  since  this  has  a  dark  yellow  color  after  ignition,  while  yttria  is 
then  pure  white. 

PHOSPHATE. 

Xenotime  intumesces  slightly  and  fuses  with  difficulty  on  the 
edges,  coloring  the  flame  distinctly  bluish-green  after  being  moist- 
ened with  sulphuric  acid.  It  dissolves  slowly  in  borax  to  a  clear 
glass,  slightly  yellow  from  iron  while  Avarm,  and  otherwise  like 
yttria.  In  S.  Ph.  it  dissolves  very  slowly  (distinction  from  apatite). 
The  glass  is  colorless.  With  soda  it  is  decomposed  with  efiervescence 
to  a  light  gray,  infusible  slag.  Phosphide  of  iron  is  obtained  by  the 
test  with  metallic  iron  and  boracic  acid,  p.  370.  '* 

To  detect  the  yttria  with  certainty  the  very  finely  powdered 
mineral  is  mixed  with  four  to  five  times  its  weight  of  soda  and  fused, 
either  in  separate  portions  on  platinum  wire,  or  in  the  platinum 
spoon,  until  it  no  longer  effervesces.     The  fused  mass  is  covered 
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with  water  in  a  small  porcelain  vessel  and  heated  to  boiling  over  the 
lamp.  Phosphate  of  soda  and  the  excess  of  carbonate  of  soda 
dissolve,  leaving  the  insoluble  yttria  and  some  sesquioxide  of  iron, 
which  is  present  in  the  mineral  as  basic  phosphate.  After  filtering 
out  the  residue  and  washing  it  thoroughly,  phosphoric  acid  may  be 
very  readily  detected  by  testing  a  little  of  the  filtrate,  vide  phos- 
phoric acid. 

The  residue  of  yttria  and  sesquioxide  of  iron  may  be  dissolved 
while  still  moist  in  hydrochloric  acid,  diluted,  and  the  bases  thrown 
down  as  hydrates  by  means  of  ammonia ;  they  are  thoroughly 
washed,  transferred  to  a  test  tube,  covered  with  a  dilute  solution  of 
oxalic  acid,  and  heated  nearly  to  boiling  over  the  spirit-lamp.  Both 
bases  are  converted  into  oxalates,  and  the  oxalate  of  sesquioxide  of 
iron  being  soluble  can  be  readily  separated  by  filtration  from  the 
insoluble  oxalate  of  yttria,  which  appears  as  a  heavy,  white  powder. 
This  being  also  insoluble  in  pure  water  is  washed  thorouglily,  dried, 
and  ignited.  A  special  test,  p.  182,  is  necessary  to  determine  whether 
the  yttria  is  pure,  or  contains  erbia,  and  for  this  the  quantity  of 
yttria  must  not  be  too  small.  The  sesquioxide  of  iron  in  the  fil- 
trate is  separated  by  means  of  potassa,  after  some  nitric  acid  has  been 
added  and  the  whole  warmed.  It  is  filtered  out,  washed,  and  tested 
B.  B.  with  borax,  if  necessary. 

TAXTALATES. 

Yttrotantaliie,  yellow  and  black.  According  to  Berzelius  they 
behave  as  follows : 

Alone  in  the  matrass  they  yield  water  and  the  dark  varieties  turn 
yellow.  Strongly  ignited  they  become  white  and  the  glass  is  attacked, 
-while  the  expelled  water  turns  Brazil-wood  paper  yellow  at  first  and 
then  bleaches  it.  B.  B.  infusible.  Dissolve  in  borax  to  a  nearly 
colorless  glass,  becoming  opaque  of  itself  with  a  large  addition. 
Dissolve  in  S.  Ph.,  leaving  a  white  skeleton  of  tantalic  acid,  which 
on  continued  blowing  also  dissolves. 

The  Mack  variety  from  Ytterby  gives  a  glass  which  assumes  on 
cooling  a  feeble  rose  color,  after  treatment  in  E.  F.,  owing  to  the 
presence  of  tungsten. 

The  yellow  variety  from  Ytterby  affords  a  faint  but  fine  green. 
bead,  due  to  uranium.  YttrotantaUte  from  Finbo  and  Kararfvet 
affords  a  strong  iron  color,  Avhich  obscures  the  uranium  reaction. 
Soda  decomposes,  but  does  not  dissolve  them.  On  platinum  foil 
they  show  manganese,  and  by  reduction  Avith  borax  and  sod •>  yield 
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traces  of  tin.    The  mineral  from  Finbo,  however,  contains  so  much 
iron  that  the  tin  cannot  be  thus  detected. 

Hielmite  decrepitates  in  the  matrass,  crumbles  and  yields  water. 
In  0.  F.  infusible,  but  becomes  brown.  Dissolves  readily  in  borax  to 
a  clear  glass,  cloudy  by  flaming.  With  S.  Ph.  a  bluish-green  glass. 
With  soda  on  charcoal  gives  metallic  spangles.  Dana  states  that 
the  borax  bead  remains  unchanged  on  flaming. 

NIOBATES. 

Fergusonite  yields  a  little  water  in  the  matrass.  B.  B.  on  char- 
coal becomes  first  dark,  then  pale  yellow,  but  is  infusible.  Dissolves 
with  difficulty  in  borax  to  a  glass  which  is  yellow  while  hot,  and  if 
saturated,  can  be  made  cloudy  and  dirty  yellowish-red  by  flaming ; 
the  undissolved  portion  is  white.  Dissolves  slowly  in  S.  Ph.  to  a 
glass,  yellow  in  0.  F.,  colorless  in  R.  F.,  or  inclining  to  red  if  well 
saturated ;  it  then  is  readily  made  cloudy  by  flaming,  or  on  cooling, 
but  this  is  not  the  case  with  a  moderate  addition  of  the  mineraL 
The  portion  remaining  undissolved  is  white. 

Fused  Avith  tin  the  S.  Ph.  glass  remains  colorless,  but  the  undis- 
solved, white  portion  of  the  assay  acquires  a  flesh-red  shade.  It  is 
decomposed  by  soda  without  being  dissolved,  and  leaves  a  reddish  slag. 
Eeduced  with  enough  soda  it  aifords  some  metallic  tin.  (Berzelius.) 

Samarshite,  according  to  G.  Rose,  behaves  as  follows: 

In  the  matrass  decrepitates  somewhat,  glows,  cracks  open,  and 
blackens.  B.  B.  fuses  on  the  edges  to  a  black  glass.  With  borax  in 
0.  F.  a  yellowish-green  to  reddish  glass ;  in  R.  F.  a  yellow  to 
greenish-black  glass,  becoming  opaque  and  yellowish -brown  by 
flaming.  With  S.  Ph.  in  0.  F.  a  clear,  emerald-green  glass,  unaltered 
in  R.  F.  With  soda  on  platinum  foil  a  manganese  reaction.  Fused 
with  bisulphate  of  potassa  forms  a  fluid,  red  mass,  which  is  yellow 
when  cold. 

Tyrite  decrepitates  strongly,  yields  water,  and  becomes  yellow. 
With  borax  yields  a  glass  which  is  reddish-yellow  while  hot,  and 
colorless  when  cold.  With  S.  Ph.  affords  a  silica  skeleton,  and  the 
glass  is  greenish-yellow  wliile  hot,  green  on  cooling. 

According  to  Dana,  samarshite  in  powder  is  sufficiently  decom- 
posed on  boiling  with  sulphuric  acid  to  give  a  blue  color  when  the 
acid  fluid  is  treated  with  metallic  zinc  or  tin ;  while  fergusonite 
evaporated  with  sulphuric  acid  yields  a  white  residue,  which  treated 
with  hydrochloric  acid  and  metallic  zinc,  gives  a  bluish -green  color. 
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COMBINATIONS   "WITH  TITANIC   AND   NIOBIC   ACIDS. 

Euxenite  is  infusible.  "With  borax  and  S.  Ph.  dissolves  to  glasses, 
yellow  while  hot,  but  the  S.  Ph.  glass,  not  too  slightly  saturated, 
becomes  yellowish-green  on  cooling,  owing  to  uranium.  (Scheerer.) 
Fused  with  caustic  potassa,  the  mass  dissolved  in  water,  the  solution 
neutralized  with  hydrochloric  acid,  and  the  resulting  precipitate 
boiled  with  concentrated  hydrochloric  acid  and  tin  foil,  a  clear 
sapphire-blue  fluid  results,  which  changes  to  olive-green  and  finally 
bleaches.  The  mineral  is  sufhciently  attacked  on  evaporation  Avith 
sulphuric  acid  to  give  a  whitish  residue,  which  affords  the  charac- 
teristic blue  reduction  test,  when  treated  with  metallic  zinc  or  tin. 
(Dana.) 

Pohjcrase  decrepitates  in  the  matrass  and  gives  traces  of  water. 
In  the  forceps  glows  and  assumes  a  light  grayish-brown  color.  Dis- 
solves in  borax  in  0.  F.  to  a  clear  yellow  glass,  which  assumes  a 
brown  color  in  E.  F.,  especially  in  adding  tin.  With  S.  Ph.  likewise 
dissolves  to  a  clear,  yellow  to  yellowish -brown  glass,  passing  into 
greenish  on  cooling.  In  R.  F.  the  color  becomes  darker.  (Scheerer.) 
Decomposed  by  evaporation  with  concentrated  sulphuric  acid,  the 
product  treated  with  liydrochloric  acid  and  boiled  Avith  metallic  tin 
or  zinc  gives  a  deep  azure-blue  color,  which  does  not  fade.     (Dana.) 

^><cliynite  yields  some  water  and  traces  of  hydrofluoric  acid  in 
the  matrass.  B.  B.  swells  and  changes  from  a  black  to  a  rusty  brown 
color.  Is  rather  easily  dissolved  by  borax  in  0.  F.  to  a  clear  glass, 
yellow  while  hot,  colorless  on  cooling.  Treated  with  tin  in  R.  F. 
this  glass  becomes  blood-red.  It  dissolves  less  easily  in  S.  Ph. ;  a 
small  addition  affords  a  clear,  colorless  glass,  Avhich  is  readily  made 
cloudy  by  separation  of  some  white  substance,  when  more  of  the 
assay  is  added.  With  tin  in  R.  F.  the  glass  asssumes  an  amethyst 
color.  The  mineral  efi'ervesces  Avith  soda,  bnt  is  not  dissolved  and 
yields  nothing  metallic.  (Berzelius  and  Herrman.)  It  is  sufficiently 
decomposed  by  sulphuric  acid  to  shoAV  the  reduction  test  with  zinc. 
(Dana.)  The  wet  process  must  be  partly  employed  in  order  to  detect 
with  certainty  the  separate  constituents  of  the  foregoing  tantalates, 
niobates,  and  titanates,  which  may  contain,  in  addition  to  the  cor- 
responding acids,  tungstic  acid,  and  as  bases,  lime,  yttria,  zirconia, 
and  oxides  of  cerium,  lanthanium,  iron,  manganese,  uranium,  and  tin. 

The  following  method  is  employed  : 

1.  A  sufficient  amount  of  the  very  fine  powder  is  fused  in  the  pla- 
tinum spoon  with  eight  parts  by  weight  of  bisulphate  of  potassa,  p.  116, 
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in  several  portions,  each  portion  being  treated  until  everything  is 
melted  to  a  clear  fluid,  when  the  mass  is  at  once  poured  out  upon  the 
steel  anvil.  When  all  has  been  thus  fused  the  mass  is  crushed  in 
the  steel  mortar  and  then  pulverized  as  fine  as  possible  in  the  agate 
mortar.  The  powder  is  warmed  with  sufficient  water,  not  being 
allowed  to  boil,  and  the  following  ingredients  then  dissolve : 

Ca,  t,  Oe,  La,  We,  Mn,  U; 
while  there  remain  as  a  white  residue : 

Ta,  M,  W,  Sn. 

If  the  mineral  contains  'Ti,  Zr,  and  I'h,  a  portion  of  these  is  also 
likely  to  remain  undissolved. 

After  filtration  the  residue  is  washed  with  hot  water,  to  which  a 
few  drops  of  hydrochloric  acid  may  well  be  added  to  secure  the  perfect 
separation  of  the  sulphate  of  lime  and  sesquioxide  of  iron,  and  it  may 

then  be  examined  for  all  the  Nb,  Ta,  and  "VV,  as  well  as  a  portion  of  the 
Ti,  Zr,  and  Th,  together  with  the  trifling  quantity  of  !Sn  sometimes 
present. 

2.  The  residue  is  dried,  finely  pulverized,  mixed  with  five  volumes 
of  carbonate  of  potassa,  moistened  with  water,  and  melted  in  sepa- 
rate portions  on  stout  platinum  wire,  Fig.  21,  p.  20,  until  all  is 
in  quiet  fusion,  the  melted  mass  being  shaken  oflf  after  each  fusion. 
It  is  then  pulverized  and  treated  in  a  porcelain  dish  with  cold  water, 
to  dissolve  the  excess  of  carbonate  of  potassa,  the  solution  is  drawn 
ofi"  with  a  pipette,  and  the  residue  treated  with  fresh  water,  which  is 

heated  to  boiling.  This  dissolves  Ta,  Nb,  W",  Th,  and  most  of  the 
Sn  combined  with  potassa,  leaving  the  greater  part  of  the  Ti  and  all 
of  the  Zr  behind.  The  solution  is  filtered  off,  the  residue  well 
washed,  and  the  solution  added  to  the  first,  in  case  a  portion  of  the 
newly  formed  potassa  salts  was  soluble  even  in  cold  Avater,  the  whole 
acidified  with  hydrochloric  acid,  evaporated  to  dryness  at  a  mod- 
erate heat,  and  the  dry  mass  treated  with  hot  water,  which  dissolves 
the  chloride  of  potassium  and  most  of  the  bichloride  of  tin,  leaving 

behind  Ta,  ^h,  Th,  and  "VV",  with  a  trace  of  Sn.  The  solution,  which 
may  contain  tin,  is  treated  with  a  little  sulphide  of  ammonium, 
shaken,  and  a  few  drops  of  dilute  hydrochloric  acid  added  to  it, 
when  a  yellow  precipitate  of  sulphide  of  tin  will  form  if  tin  is 
present.  In  order  to  free  the  tautalic  or  niobic  acid  from  tungstic 
acid  and  binoxide  of  tin  it  is  necessary  to  treat  the  mixture  directly 
upon  the  filter  with  sulphide  of  ammonium.     The  neck  of  the  funnel 
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is  closed  with  a  cork,  the  still  moist  mixture  covered  with  sulphide 
of  ammonium,  and  a  watchglass  placed  over  the  funnel,  when  the 
whole  is  set  aside  in  a  warm  place.  After  all  of  the  tungstic  acid  and 
oxide  of  tin  have  been  dissolved  as  sulphides  the  funnel  is  opened, 
the  solution  allowed  to  flow  off",  and  the  remaining  acid  thoroughly 
washed.  If  it  is  not  white  it  should  be  at  once  covered  with  dilute 
hydrochloric  acid,  while  on  the  filter,  so  as  to  dissolve  any  traces  of 
sulphide  of  iron  present.  The  way  in  which  it  is  further  tested  will 
be  given  under  the  examination  for  tantalum  and  niobium.  Any 
thoria  present  can  be  separated  by  means  of  oxalic  acid. 

The  dissolved  sulphide  of  tungsten,  with  the  traces  of  sulphide  of 
tin  which  may  be  present,  is  thrown  down  by  hydrochloric  or  nitric 
acid,  filtered  out,  and  the  precipitate,  rich  in  sulphur,  after  being 
freed  from  the  excess  of  sulphur  on  coal  in  0.  F.  and  then  thoroughly 
ignited,  is  tested  with  S.  Ph.  on  platinum  wire  for  tungstic  acid,  and 
with  soda  and  borax  on  coal  for  tin. 

The  residue  which  remains  after  separating  the  Ta,  Nb,  andW, 
and  may  contain  Ti,  Zr,  and  traces  of  Sn,  is  first  tested  with  S.  Ph. 
on  platinum  Avire  for  titanic  acid;  it  is  then  tested  with  soda  on 
platinum  foil,  and  if  during  the  fusion  the  fluid  mass  is  clear  where 
most  strongly  heated,  the  residue  consists  only  of  titanic  acid,  but 
if  not,  since  zirconia  does  not  melt  to  a  clear  fluid  mass  with  soda, 
it  consists  of  titanic  acid  and  zirconia,  provided  the  test  with  S.  Ph. 
has  shown  the  presence  of  titanic  acid.  A  portion  of  the  residue 
may  also  be  tested  for  tin  by  a  reduction  assay. 

3.  To  the  solution  of  the  sulphates,  containing  free  hydrochloric 
acid,  ammonia  is  added  in  slight  excess  and  with  constant  stirring; 

by  this  means  -(assuming  that  the  solution  contains  also  IM,  2r,  and 

l''h)  are  precipitated,  Ti,  "$",  'T'h,  2r,  Ce,  La,  ^e,  and  C,  while  Ca  and 
IVIn  remain  for  the  most  part  in  solution.  After  filtering  out  the 
precipitate  and  washing  it  well  with  hot  water,  the  lime  is  thrown 
down  from  the  ammoniacal  filtrate  with  oxalic  acid  and  any  man- 
ganese present  with  S.  Ph.  or  sulphide  of  ammonium. 

4.  The  precipitate  obtained  by  means  of  ammonia  is  washed,  dried, 
and  dissolved  with  the  aid  of  heat  in  sulphuric  acid,  diluted  with  an 
equal  amount  of  water.  Water  is  added  to  the  clear  solution  and 
the  whole  boiled,  when  any  titanic  acid  present  is  throAvn  down, 
filtered  out,  and  tested  B.  B. 

5.  The  filtrate  freed  from  titanic  acid  is  neutralized  with  potassa, 
until  it  has  but  a  very  feebly  acid  reaction,  and  is  then  saturated 
with  a  concentrated  solution  of  neutral  sulphate  of  potassa,  freshly 
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prepared  with  the  aid  of  heat.  The  whole  is  then  allowed  to  cool, 
during  which  time  a  precipitate,  partly  floccnlent  and  partly  pulver- 
ulent, generally  settles,  consisting  of  basic  sulphate  of  zirconia  and 
sulphates  of  the  oxides  of  cerium  and  lanthanium  with  potassa.  If 
the  mineral  contains  thoria  it  is  also  present  in  this  precipitate, 
which  is  collected  on  a  filter  and  washed  with  a  saturated  solution 
of  sulphate  of  potassa.  The  filtrate  contains  all  of  the  T",  ¥e,  and 
"&.  Another  vessel  being  placed  below  the  funnel,  the  salts  on  the 
filter  are  washed  with  pure,  boiling-hot  water,  which  dissolves  the 
double  salts  of  cerium  and  lanthanium,  leaving  the  basic  sulphate 
of  zirconia  and  the  sulphate  of  thoria.  These  two  can  only  be  se|)- 
arated  conveniently  in  case  a  considerable  quantity  is  treated,  and 
then  oxalic  acid  is  used,  in  which  the  zirconia  dissolves,  while  thoria 
is  insoluble.  The  oxides  of  cerium  and  lanthanium  are  thrown 
down  from  their  solution  by  potassa  and  then  separated  by  means  of 
dilute  nitric  acid,  vide  cerium  and  lantlianium. 

6.  The  solution,  which  may  still  contain  Y,  ¥e,  and  XX,  is  treated 
with  a  slight  excess  of  potassa,  and  all  three  bases  thrown  down  aa 
hydrates.  The  precipitate  is  transferred  to  a  small  filter,  well  washed 
with  hot  water,  and  then  moderately  heated  in  a  small  porcelain 
vessel  with  a  dilute  solution  of  oxalic  acid,  until  the  residue  appears 
pure  wliite.  Be  and  Xj-  dissolve,  while  the  oxalate  of  yttria  remains, 
and  after  filtration  is  washed,  dried,  ignited,  and  tested  according  to 
p.  182. 

After  adding  some  nitric  acid  the  ¥e  and  U  in  the  solution  are 
again  thrown  down  with  potassa,  the  whole  warmed,  filtered,  washed, 
and  the  precipitate,  while  still  moist,  treated  with  carbonate  of 
ammonia,  which  dissolves  the  C  and  leaves  the  Ee.  From  the 
ammoniacal  filtrate  the  C  can  be  thrown  down  by  boiling  the  fluid 
for  some  time,  or  by  gradually  adding  hydrochloric  acid  to  feebly 
acid  reaction  and  then  adding  ammonia.  The  oxides  thus  separated 
may  then  be  very  easily  recognized  B.  B.  with  glass  fluxes. 

TITANATE. 

Polymignite. — B.  B.  on  coal  is  unchanged.  Dissolves  easily  in 
borax,  the  glass  showing  iron  and,  when  much  is  added,  becoming 
opaque  and  usually  brownish-yellow  by  flaming.  "With  still  more  it 
becomes  opaque  on  cooling.  With  tin  the  bead  assumes  a  red  color, 
inclining  to  yellow. 

In  S.  Ph.  dissolves  with  difficulty  to  a  glass,  which  is  reddish  in 
the  E.  F.  and  also  when  treated  with  tin. 
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It  is  decomposed  by  soda  and  assumes  a  grayisli-red  color,  but  can- 
not be  fused.     On  platinum  foil  a  manganese  reaction.     (Berzelius.) 

The  separate  ingredients  are  found  in  the  wet  way,  as  described 
for  tantalates,  niobates,  and  titauates,  p.  187. 

SILICATES. 

a.  Gadolinite  from  Ytterby,  Finbo,  and  Broddbo. 

With  regard  to  these  gadolinites  and  their  behavior  Berzelius 
makes  the  following  observations  : — 

They  are  of  two  kinds ;  one  (a)  as  vitreous  as  if  it  were  a  frag- 
ment of  black  glass;  the  other  [jS)  splintery  in  its  fracture  and  not 
so  largel/conchoidal.  It  is  apparently  an  intimate  mixture  of  gado- 
linite and  orthite. 

Var.  a.  If  heated  in  a  matrass,  nearly  to  the  melting  point  of  the 
glass,  the  assay  glows  quickly,  as  if  on  fire ;  it  also  swells  somewhat, 
becomes  light  grayish-green,  and  cracks  here  and  there  if  large.  On 
coal  the  same ;  it  is  infusible,  but  the  thin  edges  become  black  in  a 
strong  flame. 

Var.  (3.  Alone  it  swells  up  into  cauliflower-like  ramifications  and 
becomes  white,  but  seldom  glows  like  variety  a. 

Both  varieties  behave  similarly  with  the  glass  fluxes,  dissolving 
readily  in  borax  and  yielding  a  strong  iron  reaction.  S.  Ph.  dissolves 
them  with  great  difficulty,  the  glass  shoAving  iron,  and  the  fragment 
becoming  rounded,  but  remaining  white  and  opaque,  so  that  the 
silica  is  not  separated  (chief  distinction  from  gadolinite  of  Kararf- 
vet).  With  soda  they  are  dissolved  to  a  reddish-brown,  half  fused 
slag,  but  variety  /3  fuses  to  a  globule,  Avhen  there  is  not  too  much 
soda.    Ko  manganese  reaction  can  be  obtained. 

According  to  Damour  and  Descloizeaux*  difi'erent  varieties  of 
gadolinite  from  Ytterby  show  the  following  behavior  B.  B.  Some 
yield  water,  glow'  more  or  less  brightly,  swell,  and  are  infusible, 
excepting  one  variety,  which  yields  a  black  slag.  The  dark  color  of 
the  mineral  is  changed,  becoming  greenish-gray  to  grayish-white. 
G.  from  Broddbo  and  Finbo  is  similar;  G.  from  Fahlun  yields  water, 
shows  no  perceptible  glowing,  becomes  dark  brown  in  the  forceps, 
and  is  infusible. 

h.  Gadolinite  from  Kararfvet.  In  the  matrass  yields  a  little  water; 
on  coal  whitens,  and  in  a  strong  flame  fuses  to  a  dark  pearl-gray  or 


*  Ann.  de  Chim.  et  de  Ptiys.,  LIX.  357. — Kenngott,  Uehersicht  der  Resuliate  mineral. 
Forsch.  i.  J.  1860,  89. 
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reddish,  opaque  glass,  without  swelling.  Dissolves  readily  in  borax 
to  a  clear  glass,  showing  little  iron.  If  saturated  the  opaque  glass 
crystallizes  on  cooling  and  becomes  gray,  inclining  to  red  or  green, 
but  the  enamel-like  opacity,  afforded  by  yttria  alone,  cannot  be  pro- 
duced. 

Dissolves  in  S.  Ph.,  leaving  a  silica  skeleton  and  forming  a  nearly 
colorless  glass,  opalescent  on  cooling.  With  soda  fuses  with  diffi- 
culty to  a  grayish -red  slag,  and  on  platinum  foil  gives  a  manganese 
reaction  (Berzelius).  According  to  Damour  and  Descloizeaux  it 
glows  brightly  B.  B.,  swells  a  little,  fuses  with  difficulty  on  the  edges, 
and  becomes  gray. 

c.  Gadolinite  from  Hitteroe  has  been  chemically  examined  by 
Scheerer.  A  sufficiently  large  fragment  heated  to  low  re(iness  in  a 
partially  closed  platinum  spoon,  is  observed  to  glow  very  strongly, 
the  light  spreading  from  one  point  throughout  the  whole.  B.  B. 
infusible ;  with  the  fluxes  shows  iron  and  silica. 

According  to  Damour  and  Descloizeaux,  1.  c,  it  glows  when  heated 
to  redness,  cracks,  remains  transparent,  and  is  infusible. 

d.  Alvite  is  infusible.  With  borax  a  greenish-yellow  glass,  color- 
less on  cooling.  With  S.  Ph.  a  yellow  glass,  becoming  green  and 
finally  colorless  on  cooling,  and  showing  no  titanium  reaction  with 
tin. 

e.  Muromontite  from  Boden,  near  Marienberg,  is  said  by  Kerndt  to 
behave  like  hodenite  from  the  same  jDlace. 

/.  Bodenite  behaves,  according  to  Kerndt,  as  follows  :  — 

In  the  matrass  yields  a  little  water  with  a  burnt  odor  and  assumes 
a  light  brownish -yellow  color.  Heated  in  the  platinum  spoon  some 
pieces  glow  suddenly,  but  more  feebly  than  gadolinite  and  without 
decrepitating.  When  more  strongly  heated  the  assay  cracks  open. 
On  coal  it  swells,  turns  dirty  reddish-yellow,  and  finally  fuses  with 
intumescence  to  a  dark,  blebby  glass. 

Dissolves  easily  and  largely  in  borax  to  a  clear  glass,  showing  iron. 
Is  very  readily  decomposed  by  S.  Ph.,  leaving  a  silica  skeleton  in  the 
glass,  which  shows  iron,  but  gives  no  titanium  reaction.  With  soda 
fuses  with  intumescence  to  a  dirty  yellow  slag,  and  on  platinum  foil 
with  nitre  gives  a  manganese  reaction. 

To  detect  yttria  and  the  other  ingredients,  not  to  be  recognized  by 
the  blowpipe,  the  foregoing  silicates  must  be  examined  with  the  aid 
of  the  wet  process.  If  not  previously  ignited  they  can  be  com- 
pletely decomposed  by  hydrochloric  acid,  and  the  following  method 
may  therefore  be  adopted  : — 

1.  The  very  fine  powder  is  heated  with  aqua  regia,  until  com- 
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pletely  decomposed ;  the  whole  is  then  gently  evaporated  to  dryness, 
moistened  with  hydrochloric  acid,  the  resulting  salts  dissolved  in  hot 
water,  and  the  separated  silica  filtered  out,  after  which  it  is  well 
■washed  and  can  be  tested  B,  B. 

The  solution  may  contain  the  following  bases : 

Oa,  Sig,  A\,  Be,  t,  Oe,  La,  3^e,  Sin,  with  traces  of  K  and  I^a. 

2.  To  separate  these,  excess  of  ammonia  is  gradually  added  to 
the  acid  solution  and  Al,  he,  ^,  Ce,  La,  and  ^e  are  thrown  down, 
leaving  Ca,  Mg,  and  IVln  dissolved.  The  precipitate  is  collected  on  a 
filter,  well  washed,  and  tbe  bases  in  the  ammoniacal  filtrate  are  sepa- 
rated by  means  of  oxalic  acid  and  S.  Ph.,  p.  155,  et  seq. 

3.  The  precipitate  formed  by  ammonia  generally  contains  but  little 
alumina  and  glucina  and  is  dissolved  in  a  small  porcelain  dish 
with  just  the  necessary  amount  of  dilute  hydrochloric  acid,  the  solu- 
tion constantly  stirred  and  excess  of  potassa  added,  after  which  the 
w^hole  is  heated,  but  not  to  boiling.  At  first  all  the  bases  are  thrown 
down  by  the  potassa,  but  Al  and  Be  redissolve,  especially  when  the 
solution  is  heated.  After  diluting  the  Avhole  with  water,  filtering 
and  washing  the  precipitate  thoroughly  with  hot  water,  the  earths  in 
the  alkaline  filtrate  are  separated  as  directed  under  glucina,  p.  178. 

4.  The  moist  precipitate,  containing  Y,  Ce,  La,  and  Ee,  is  heated 
with  dilute  oxalic  acid,  which  removes  the  ^e.  The  residue  of 
oxalates  is  filtered  out,  washed,  dried,  and  ignited  with  access  of  air; 
the  resulting  oxides  are  then  dissolved  in  dilute  hydrochloric  acid 
and  separated  by  means  of  sulphate  of  potassa,  as  already  described 
under  yttrocerite,  p.  183.  The  sesquioxide  of  iron  in  the  solution  is 
thrown  down  by  potassa,  after  some  nitric  acid  has  been  added,  and 
is  tested  B.  B. 

SILICATES   CONTAIJfllSrG  TITAN"IC    ACID. 

For  Keilliauite,  which  belongs  here,  see  p.  157. 

12.  ZiECOKiA,  Zr.* 
Its  occurrence  in  the  mineral  kingdom. 

Zirconia  is  of  rare  occurrence  and  is  always  found  in  combmatiou 
with  bases  and  acids  in 

♦According  to  L.  Svanberg  (Pogg.  Ann.,  vol.  65,  p.  317  and  vol.  66,  p.  309),  the 
zirconia  obtained  from  the  zircon  of  Norway  and  the  Ural  contains  two  other  oxides, 
one  of  which  he  has  named  noria.     The  characteristic  qualities  of  these  new  com- 
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'  vide  yttria ; 


Polyinignite, 
Fergiisonite, 
^schynite, 
Polycrase, 

Wohlerite  I,  1, — Si,  2r,  Wo,  Ca,*  I^a,  tin,  Se,  and  traces  of  Mg  and 

Eudialyte  (eucolite),  vide  soda; 

(Erstedite  III,— Ti  and  2r  combined  with  (Ca,  tig,  i'e),  Si  +  3  fl, 
and  traces  of  Sn ; 

Zircon  (hyacinth)  III, — Zr  Si,  with  a  little  ^e ; 

Auerbachite  III,— 'Zr^  Si',  with  very  little  Fe  and  £[ ; 

Malacon  III,— Zr"  Si  +  f  fl,  with  a  little  ^e  and  Sin; 

Catapleiite  I,  1,— (IS'a,  Ca)'  Si^  +  2  Zr  Si^"  +  4  It; 

Tachyaphaltite  III,  2,— Si,  Zr,  'Ih  ?  I^e,  Al,  fl ; 

Holmite,  vide  hydrous  silicates  under  lime ; 

Pyrrhite  3 ;  it  occurs  at  Alabaska,  near  Mursinsk,  and  is  identified 
by  Teschemacher  with  a  similar  mineral  which  accomiaaniea 
azorite,  and  is,  according  to  Hays,  chiefly  niobate  of  zirconia. 

Mengite  III,  1  (nearly,  in  il  S) ;  according  to  Gr.  Eose,  Ti,  Zr,  Se. 

Examination  for  Zirconia, 

Includiiig  the  Mowpipe  cliaracteristics  of  the  minerals  above  enu- 
merated. 

Wohlerite  behaves,  according  to  Scheerer,  as  follows : — 
Strongly  heated  fuses  quietly  to  a  yellowish  glass.     With  borax,  S. 
Ph.,  and  soda  shows  reactions  for  manganese,  iron,  silica,  and  gives 
traces  of  tin. 

To  detect  the  zirconia  and  hyponiobic  acid  with  certainty,  the 
very  fine  powder  is  heated  with  concentrated  hydrochloric  acid,  until 
fully  decomposed.  According  to  Scheerer  this  dissolves  ISTa,  Ca, 
iSlg,  %r,  ^e,  and  Sin,  leaving  Si  and  Sb.  The  residue,  collected  on  a 
filter,  well  washed,  and  dried,  is  mixed  and  fused  with  five  volumes 
of  carbonate  of  potassa,  being  moistened  and  melted  on  platinum 
wire  by  separate  portions,  so  that  after  each  addition  the  melted 
mass  is  clear  and  fluid.  The  beads  shaken  ofi"  from  the  wire,  v>^hich 
become  opaque  on  cooling,  are  pulverized  and  treated  first  with  cold 

pounds  have,  however,  not  been  accurately  examined,  through  lack  of  reliable  methods 
of  separating  them. 

*  Von  Kobell  found  dianic  acid  in  brown  wohlerite,  but  this  has  been  sho-mi  to  bo 
niobic  acid. 
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water  in  a  porcelain  vessel  to  dissolve  out  the  carbonate  and  silicate 
of  potassa,  and  after  the  insoluble  salt  has  settled  and  the  super- 
natant liquid  has  been  removed  with  a  pipette,  the  residue  is  dissolved 
in  boiling  water,  the  solution  added  to  the  first  solution,  and  the 
whole  tested  for  the  acids  in  question,  as  will  be  directed  under 
tantalum  and  niobium;  or  else  the  solutions  maybe  separately  tested. 

The  acid  solution  of  the  bases  is  treated  with  a  slight  excess  of 
ammonia,  which  precipitates  Zr,  'Be,  and  a  little  Ca.  The  precipitate 
is  filtered  off,  washed  with  cold  water,  and  warmed  with  dilute  oxalic 
acid,  when  Zr  and  ¥e  dissolve  and  leave  the  lime  as  oxalate.  The  latter 
is  filtered  out  and  some  nitric  acid  added  to  the  filtrate,  after  which 
!Zr  and  Be  are  thrown  down  by  potassa,  collected  on  a  filter,  washed 
with  hot  water,  dried,  and  gently  ignited  in  the  platinum  spoon.  It 
must  then  be  triturated  in  the  mortar  and  is  afterward  digested  with 
hydrochloric  acid,  which  removes  i^e  and  leaves  the  zirconia  almost 
pure  white.  This  can  be  now  tested  B.  B.,  while  the  oxide  of  iron 
may  be  likewise  tested  with  borax,  after  precipitating  it  with 
ammonia.  If  the  Zr  and  Be  precipitate  formed  by  potassa  is  digested 
with  sulphide  of  ammonium  the  iron  is  converted  into  sulphide,  and 
when  the  liquid  is  decanted  from  it,  after  a  time,  and  the  black 
residue  mixed  with  an  aqueous  solution  of  sulphurous  acid,  the 
sulphide  of  iron  is  dissolved,  leaving  the  zirconia  nearly  colorless. 

Of  the  other  bases  still  dissolved  in  the  ammoniacal  solution,  viz., 
IsTa,  Cla,  iSlg,  and  IVIn,  the  Ca  is  thrown  down  with  oxalic  acid,  and 
the  Mg,  and  Mn  with  S.  Ph.,  as  directed  under  lime  and  magnesia. 
The  soda  is  indicated  by  testing  the  mineral  in  the  forceps. 

Eudialyte  yields  a  little  water  in  the  matrass.  B.  B.  fuses  easily 
to  a  greenish-gray  bead ;  according  to  Damour,  to  a  translucent, 
dark  green  glass,  and  gives  an  intense  reddish-yellow  flame.  With 
borax  is  easily  dissolved  to  a  clear  glass  which  shows  a  little  iron  and 
cannot  be  flamed  opaque.  Is  easily  decomposed  by  S,  Ph.,  the  silica 
skeleton  swelling  so  as  to  alter  the  round  shape  of  the  bead. 
According  to.  Berzelius,  this  forms  a  distinction  between  eudialyte 
and  the  otherwise  similarly  acting  garnets.  With  little  soda  a  diffi- 
cultly fusible  glass ;  with  more  goes  into  the  coal.  On  platinum  foil 
a  manganese  reaction.  With  a  bead  of  S.  Ph.  containing  oxide  of 
copper  a  chloride  of  copper  flame,  vide  chlorine. 

Gelatinizes  with  hydrochloric  acid ;  ihe  acid  solution  diluted  and 
boiled  with  tin,  to  reduce  the  iron  to  protochloride,  imparts  a  deep 
orange  to  turmeric  paper  (reaction  for  zirconia) ;  Dana, 

To   detect  the  zirconia  and  lime  the  fine  powder  is  dissolved  in 
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hydrocliloric  acid,  tantalic  acid  and  silica  separating,  evaporated  care- 
fully until  nearly  dry,,  dissolved  in  water,  nitric  acid  added  to  form 
sesquicliloride  of  iron,  and  the  solution  filtered.  A  slight  excess  of 
ammonia  being  added  to  the  filtrate,  zirconia  and  sesquioxide  of  iron 
are  precipitated,  with  a  little  lime.  This  precipitate  is  treated  as 
described  under  wohlerite. 

The  ammoniacal  solution  is  tested  for  lime  with  oxalic  acid  and 
for  manganese  with  sulphide  of  ammonium. 

The  gelatinous  silica  separated  by  hydrochloric  acid  is  not  to  be 
regarded  as  pure  silica,  since  it  contains,  according  to  Eammelsberg 
{Pogg.  Ann.,  vol.  63,  p.  142),  a  newly-formed  silicate  of  Zr,  Ca,  and  ]^e 
in  definite  proportions.  This  is  obtained  as  a  residue  when  the  well 
washed  silica  is  dried,  ignited,  and  boiled  with  carbonate  of  soda. 
To  detect  the  metallic  acids  the  residue  left  by  the  hydrochloric 
acid  is  treated  according  to  p.  194. 

(Erstedite,  according  to  Forchhammer,  behaves  as  follows : — 

In  the  matrass  yields  water.  B.  B.  infusible.  In  borax  and  S.  Ph. 
dissolves  with  diflBculty  in  the  0.  F.  to  a  colorless  glass.  With 
S.  Ph.  and  tin  on  coal  a  titanic  acid  reaction  is  produced.  .  Is  not 
dissolved  by  soda,  but  with  the  reduction  assay  traces  of  tin  can  be 
found.  (Berzelius.) 

The  zirconia  can  be  detected  by  fusing  the  fine  powder  with 
eight  times  its  weight  of  bisulphate  of  potassa  in  the  platinum 
spoon,  treating  the  powdered  mass  with  water,  filtering  out  the 
silica,  and  then  diluting  with  much  water.  A  few  drops  of  nitric 
acid  are  now  added  and  the  titanic  acid  thrown  down  as  thoroughly 
as  possible  by  continued  boiling.  After  settling  this  is  filtered  out 
and  the  acid  solution,  containing  2r,  (3a,  ISlLg,  and  J^e,  treated  with 
ammonia,  which  perfectly  separates  the  2r  with  the  I5e  ;  a  little  Oa 
goes  down  with  them,  but  nearly  all  the  IVEg  remains  in  solution. 
The  further  treatment  of  these  bodies  is  indicated  in  the  directions 
given  for  the  preceding  minerals. 

Zircon,  according  to  Berzelius,  behaves  a^  follows : — 

The  colorless,  transparent  variety  is  unaltered;  the  clear,  red 
(hyacinth)  loses  color,  becoming  clear  as  water,  or  very  slightly 
yellow.  The  opaque,  brown  variety  becomes  white  and  resembles 
cracked  glass.  The  dark  variety  from  Finbo  yields  some  moisture, 
becomes  milk-white,  and  then  appears  as  if  weathered.  All  are  per- 
fectly infusible. 

In  borax  zircon  dissolves  with  difficulty  to  a  clear  glass,  with 
which  it  shows  the  same  behavior  as  zirconia,  p.  81.  Not 
attacked   by   S.  Ph.,   the   glass  remaining  colorless  in  0.  F.  and 
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E.  F.  Insoluble  in  soda,  the  edges  only  being  slightly  attacked  and 
the  soda  going  into  the  coal.  On  platinum  foil  most  zircons  show 
traces  of  manganese. 

Aueriachite  behaves  like  zh-con. 

Malacon,  according  to  Scheerer,  behaves  as  follows : — 

In  the  matrass  yields  some  water.  B.  B.  is  infusible.  The  fine 
splinters  become  white  and  opaque  in  borax  and  S.  Ph.,  but  are  not 
dissolved.  The  extremely  fine  powder  dissolves  slowly  in  borax, 
showing  a  little  iron ;  it  is  also  decomposed  by  S.  Ph.,  leaving  the 
silica  alone.     In  small  frcigments  it  is  not  attacked  by  soda. 

Catapleiite  yields  water  in  the  matrass.  B.  B.  fuses  easily  to  a  white 
enamel.     In  borax  dissolves  with  difficulty  to  a  clear,  colorless  glass. 

Easily  soluble  in  hydrochloric  acid  without  gelatinizing;  the 
dilute  acid  solution  colors  turmeric  paper  orange-yellow  (zircon 
reaction).  Dana. 

Tac]iya2)hctltite  yields  water  containing  fluorine.  B.  B.  becomes 
white,  but  does  not  fuse. 

Holmite  (variety  of  seyhertite),  analyzed  by  Eichardson,  becomes 
colorless  and  opaque  B.  B.  and  gives  a  slight  iron  reaction  with  borax. 

To  detect  zirconia  in  zircon  and  the  following  minerals,  their  very 
fine  powder  is  fused  with  one  and  a  half  volumes  of  soda  and  three 
of  borax  on  coal  in  the  0.  F.,  the  clear  bead  pulverized,  treated  with 
hydrochloric  acid,  and  very  gently  evaporated  nearly  to  dryness,  so  as 
to  separate  the  silica.  Rapid  evaporation  at  a  high  temperature 
would  cause  much  zirconia  to  remain  undissolved  in  the  subsequent 
treatment.  The  nearly  dry  mass  is  treated  with  a  sufficient  quantity 
of  water,  and  the  silica  filtered  out,  after  which  any  protochloridc  of 
iron  must  be  transformed  into  sesquichloride  with  nitric  acid.  The 
zirconia  and  sesquioxide  of  iron  are  then  thrown  down  by  ammonia 
and  the  very  voluminous  precipitate  concentrated,  so  that  it  may  be 
filtered  out  more  easily,  by  boiling  the  whole.  The  little  yttria  and 
lime  in  malacon  are  here  to  be  disregarded.  The  separation  of  the 
sesquioxide  of  iron  from'  the  zirconia  is  effected  as  before  in  case  of 
wolilerite  and  eudialyte,  pp.  194  and  195.  The  ammoniacal  filtrate 
can  be  further  tested  with  oxalic  acid,  salt  of  phosphorus,  and  sul- 
phide of  ammonium,  for  other  constituents. 

Thoria,  said  to  be  present  in  tacliyaphaltite,  would  be  found  in 
the  precipitate  of  sesquioxide  of  iron  and  zirconia,  and  would 
remain  behind  on  digesting  this  in  oxalic  acid. 

According  to  Eichardson,  holmite  contains  only  2.05  per  cent, 
zirconia,  which  could  not  be  detected  with  certainty  in  the  small 
quantity  hei  e  treated. 
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13.  Thokia,  l^h. 

Its  occurrence  in  the  mineral  kingdom. 

Thoria  is  of  very  rare  occurrence ;  it  has  been  found : 
a.  In  a  combination  of  hy2^onioMc  acid  or  nioMc  acid,  with  several 
bases  in 

Pyrochlore  from  various  localities,  vide  lime ; 
Samarskite,  vide  yttria. 

h.  Combined  with  silicic  acid  in 
Thorite  (and   orangite,  the  yelloiuish  variety)  III,  IGr, — Th  Si  +  1^ 
.    fl ;  for  the  black  thorite — Th  Si  +  3  £[  (Dana).     A  large  propor- 
tion of  other  silicates  are  present,  the  bases  being  iS^,  IS"  a,  Ca, 
IVIg,  =4l,  Mq,  Mn,  XJ,  f*b,  and  Sn.     Orangite  contains  sometimes  a 
little  oxide  of  vanadium. 
c.  With  pliosiilioric  acid  in 
Monazite,  vide  cerium,  etc.,  p.  199. 

Examination  for  Thoria, 

Including  the  llowjpi'pe  characteristics  of  the  above  minerals. 

SILICATE   OF   THORIA. 

Tliorite  behaves,  according  to  Berzelius,  as  follows : — 
In  the  matrass  yields  water  and  turns  brownish-red.  B.  B.  on  coal 
infusible.  Dissolves  easily  in  borax  and  the  saturated  glass  is  opaque 
on  cooling,  but  if  otherwise  cannot  be  made  opaque  by  flaming. 
The  glass  shows  iron.  "With  S.  Ph.  it  leaves  a  silica  skeleton  ;  the 
glass  shows  iron  and  opalesces  in  cooling.  With  soda  on  coal  a 
yellowish-brown  slag;  on  platinum  foil  manganese.  By  a  reduction 
assay  minute,  malleable  globules  of  tin  and  lead  are  obtained. 
Orangite,  according  to  Bergmann,  behaves  thus : — 
In  the  platinum  spoon  small  splinters  generally  crumble  to  a  dark 
brown  mass  and  again  assume  their  orange  color  on  cooling ;  the 
larger  fragments  become  opaque.  Heated  in  the  alcohol  flame  in 
the  forceps  fragments  decrepitate  slightly  and  particles  which  fly 
ofi"  glow  brightly,  without  afterward  showing  change  of  color.  Infus- 
ible on  coal,  the  edges  only  being  sometimes  slightly  glazed,  perhaps 
owing  to  foreign  bodies.  With  soda  only  the  silica  is  dissolved ;  the 
remaining  substances  can  be  detected  as  yellowish  particles  in  the 
opaque  glassy  mass  with  the  magnifier.  With  borax  a  yellowish 
bead,  colorless  when  cold ;  but  with  S.  Ph.  in  the  0.  F.  a  reddish 
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glass,  colorless  on  cooliug,  which  becomes  yellowish  in  the  K.  F.  and 
is  then  also  colorless  when  cold. 

To  detect  the  thoria  in  these  minerals  they  are  fused  in  fine 
powder,  according  to  p,  113,  with  soda  and  borax  on  coal  beside  a 
silver  button  in  the  E.  F.,  until  any  oxides  of  tin  and  lead  are  reduced 
and  united  with  the  silver  and  the  fused  glass  appears  quite  clear. 
This  is  pulverized  and  treated  as  usual  with  hydrochloric  acid;  the 
dry  salt  obtained  by  evaporation  is  moistened  with  hydrochloric  acid, 
dissolved  in  water,  and  the  silica  filtered  out.  After  boiling  the 
solution  with  a  few  dro]3s  of  nitric  acid  to  peroxidize  the  iron,  a 
slight  excess  of  ammonia  is  added,  which  throws  down  thoria, 
sesquioxides  of  iron  and  uranium,  and  part  of  the  protoxide  of 
manganese.  The  amount  of  alumina  present  is  not  worthy  of 
notice.  The  washed  precipitate,  while  moist,  is  dissolved  in  dilute 
sulphuric  acid  and  the  solution  evaporated  to  a  small  volume. 
During  the  evaporation  neutral  sulj^hate  of  thoria  separates  as  a 
white,  loose  mass,  from  which  the  acid  solution  of  the  other  bases  is 
decanted  after  some  time.  This  salt  is  then  washed  with  boiling 
water,  dried,  and  converted  into  pure  thoria  by  ignition. 

To  separate  the  thoria  still  contained  in  the  wash-water  and  the 
solution  of  the  other  bases,  the  whole  is  evaporated  to  a  rather  small 
volume,  neutralized  with  carbonate  of  soda,  and  then  a  boiling-hot 
saturated  solution  of  sulphate  of  potassa  is  added.  While  cooling  a 
double  sulphate  of  thoria  and  potassa  separates,  which  is  washed 
with  a  cold,  saturated  solution  of  sulphq,te  of  potassa,  and  then 
dissolved  in  boiling-hot  water  containing  some  sulphuric  acid,  after 
which  the  thoria  is  precipitated  by  ammonia,  dried,  and  ignited. 
The  oxides  of  iron  and  uranium  are  separated  from  the  solution  as 
directed  under  yttria,  p.  190.  The  lime  is  found  in  the  first  ammo- 
niacal  filtrate  by  adding  oxalic  acid. 

2.  Examinations  for  Metals  or  their  Oxides. 

1.  Cerium,  Ce;  Lanthanum,  La;  Didymium,  Di. 

Occurrence  of  these  metals  in  the  tnineral  Jcmgdom. 

Cerium  is  one  of  the  rare  metals  and  occurs  in  the  following 
minerals,  almost  always  in  connection  with  more  or  less  lanthanum 
*nd  didymium. 

a.  Combined  with  fluorine  as  neutral  fluoride  in 
Fluocerite  from  Broddbo,— Ce  F  with  Ce  F',  inch  some  't'  and  fl ; 
and  as  basic  fluoride  in 
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Fhiocerine  from  Finbo, — Ge  F'  +  3  O'e  fi ; 
Fluocerine  from  Eiddarhyttan,— (Oe  F'  +  3  ll)  +  i^e  fl ; 
Yttrocerite,  vide  lime. 
h.  Combined  with  phosphoric  acid  in 

Cryptolite  (pliosphocerite), — Ce'  P,  with  a  little  J'e; 

Monazitoid  2,— (Ce,  La)'  P,  with  a  little  Ta?,  Oa,  and  fi; 

Monazite  3, — (Ce,  La,  t)i,  Th^)'  P;  Dana.  Also  contains  small 
quantities  of  Oa,  l^^Ig,  and  Sn. 

Churchite  — (f  Oe  +  ^  Ca)='  "P  +  4  fi  ;  Dana. 

c.  With  carbonic  acid  in 

Parisite  1,— Ca  F  +  3  (Ce,  La,  i)i)  C  +  ]&.    Dana  gives  (Ce,  La,  t)i) 

C  +  ^  (Ca,  Ce)  F,  making  the  water  accidental. 
Kischtimite  1,-3  La  0  +  Ce'  (F,  0)'  +  II; 
Lanthanite  1,— (La,  I)i)  0  +  3  S. 

d.  With  various  metallic  acids,  as  niohic,  hyponiohic,  and  titanic 
acids,  in 

Pyrochlore,  vide  lime ; 
Fergusonite,      j 
^schynite, 

Euxenite,  \  vide  yttria. 

Polycrase, 
Polymignite, 

Eutherfordite.  According  to  Shepard  Ti,  Oe,  and  perhaps  oxides  of 
uranium  and  yttrium.  (Dana.) 

e.  With  silicic  acid  in  the  following  silicates : 

Cerite  III,  IG,— (Ce,  La,  I)i)'  Si  +  £l,  with  a  little  Ca  and  £^e ;  that 

from  Bastnas  is  said  to  contain  a  little  "Ta,  T,  and  Ti ; 

Tritomite  III  A,  IG, — Si,  ^e,  Oe?,  La,  Oa,  and  fi,  with  small  quanti- 
ties of  IVIg,  Al,  1%  1^&,  i'e,  JVIn,  Cu,  Sn,  and  W" ; 

Allanite  {cerine)  I  A,  IG,— 3  E'  Si  +  E'  Si";  E  =  f^e,  Oe,  La,  Di, 
%,  Y,  fin;  Ei=:Al,  |5e; 

Orthite  I-II  A,  IG;  composition  nearly  that  of  allanite,  but  con- 
tains water ;  sometimes  not  more  than  some  specimens  of  allan- 
ite, of  which  Dana  makes  it  a  variety.   Erdmannite  is  very  similar. 

Pyrorthite  I-II,  1 ;  Si,  Oe,  Fe,  fin,  Y,  Al,  Ca,  with  much  water  and 
carbonaceous  matter.    An  impure  orthite-like  mineral.    (Dana.) 

Bodenite  ] 

Muromontite,    Y  vide  yttria. 

Gadolinite,        ) 
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/.  In  silicates  containing  titanic  acid: 
Tscheffkinite  I  A,  IG,— Si,  'li,  Ce,  La,  £)i,  ^q,  Oa,  and  very  small 

quantities  of  ISig,  Isin,  ^,  J!sra; 
Mosandrite  I  A,  l,~gi,  'l\,  Oe,  La,  t)\,  Sn,  Ca,  %,  £,  £[. 

^.  With  pliosplioric  acid  in 

Churchite,— (f  Ce  +  ^  Ca)"  P  +  4  £[,  Dana. 

Examination  for  Cerium,  Lanthanum,  and  Didymium. 

Including  the  blowpipe  characteristics  of  the  alove  named  minerals. 

a.  General  examination  for  cerium,  lanthanum,  and  didymium. 

The  great  diflSculty  of  completely  separating  the  three  oxides  from 
one  another  renders  it  seldom  possible  to  undertake  this  with  the 
trifling  quantity  employed  in  blowpipe  analysis.  The  oxide  of 
cerium  can  be  separated  in  approximate  purity  from  the  mixed 
oxides  obtained,  after  they  have  been  ignited,  by  first  treating  them 
with  dilute  and  then  with  concentrated  nitric  acid,  which  extracts 
the  lanthanum  and  didymium.  Upon  evaporating  this  solution, 
igniting  the  salt,  and  again  treating  the  oxides  with  very  dilute 
nitric  acid,  any  oxide  of  cerium  which  had  been  dissolved  remains 
now  undissolved.  From  the  solution  of  lanthanum  and  didymium 
the  oxides  are  thrown  down  with  ammonia  and  dissolved  in  sulphuric 
acid.  The  dry  salt  being  then  dissolved  to  saturation  in  Avater  at 
43''  to  45*  F.  and  the  solution  warmed  to  100'',  sulphate  of  lanthanum 
separates,  leaving  the  didymium  salt  in  the  solution,  from  which  it 
can  be  precipitated  by  potassa.  The  oxides  may  be  obtained  still 
purer  by  repeating  this  process.  Another  method,  not  so  suitable 
for  small  quantities,  consists  in  separating  the  oxides  by  means  of 
hydrate  of  potassa  and  chlorine. 

Pure  sesquioxide  of  cerium  is  yellow,  inclining  to  red  ;  the  impure 
oxide  is  brick-red.  Proto-sesquioxide,  obtained  by  igniting  the 
oxalate  of  the  protoxide  in  the  air,  is  white,  with  a  sliade  of  yellow, 
and  is  orange-red  when  heated.  Oxide  of  lanthanum  is  colorless; 
ignited  oxide  of  didymium  is  white  and  the  peroxide  brown. 

In  many  of  the  above  named  minerals,  containiiig  besides  oxides 
of  cerium,  lanthanum,  and  didymium,  no  considerable  quantity  of 
other  coloring  metallic  oxides,  viz.,  fluocerite,  the  phosphates  and 
carbonates,  and  cerite,  the  oxides  mentioned  can  be  found  with 
comparative  ease.  "With  borax  and  S.  Ph.  in  the  0.  F.  red  or  dark 
yellow  beads  are  obtained,  according  as  more  or  less  has  been  dis- 
solved, and  these  lose  their  color  on  cooling,  as  well  as  in  tlie  R.  F.^ 
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to  such  an  extent  that  the  S.  Ph.  bead  becomes  quite  colorless. 
The  borax  bead  can  also  be  rendered  opaque  or  enamel- white  by 
flaming,  and  the  more  quickly  the  less  silica  there  is  in  the  mineral. 
In  the  other  minerals,  which  contain  also  oxides  of  iron  and 
uranium,  or  titanic  acid,  the  cerium,  etc.,  cannot  always  be  detected 
with  certainty  except  by  the  aid  of  the  wet  ways,  as  has  been  already 
described  for  many  of  the  above  minerals  under  yttria. 

h.  Beliavior  of  tlie  above  named-minerals  before  the  iloivpipe. 

FLUORIDES. 

Fluocerite  in  the  matrass  yields  water  and  at  the  melting  point  of 
glass  the  matrass  is  attacked  at  a  distance  from  the  assay.  The 
water  colors  Brazil-wood  paper  yellow ;  the  assay  piece  becomes 
white.  In  the  open  tube,  when  the  flame  is  directed  within  the 
tube,  the  interior  is  attacked;  the  condensed  water  turns  Brazil- 
wood paper  yellow,  and  the  assay  piece  assumes  a  dark  yellow  color. 
On  coal  infusible,  but  darkens  in  color.  "With  borax  and  S.  Ph. 
reacts  like  oxide  of  cerium  containing  oxides  of  lanthanum  and 
didymium.  With  soda  it  is  disintegrated  and  swells,  but  is  not 
dissolved ;  the  soda  goes  into  the  coal,  leaving  a  gray  mass. 

Fluocerine  yields  water  and  becomes  darker  (Berzelius).  On 
coal  changes  color  and  when  heated  nearly  to  redness  appears  black, 
but  on  cooling  becomes  dark  brown,  then  fine  red,  and  finally  dark 
yellow.  This  change  of  color  distinguishes  it  from  fluocerite.  It  is 
infusible.  With  fluxes  like  fluocerite,  but  is  not  disintegrated  by 
soda,  except  by  a  strong  and  long  continued  blast. 

Fluocerine  from  Kiddarhyttan  yields  in  the  matrass  some  mois- 
ture, without  altering  in  appearance  (Berzelius).  On  coal  infusible, 
but  becomes  opaque  at  a  gentle  heat.  The  same  changes  of  color 
are  presented  as  in  the  foregoing  mineral.  In  the  open  tube  a  strong 
fluorine  reaction..  With  borax  and  S.  Ph.  like  the  foregoing.  With 
soda  is  not  disintegrated  nor  dissolved,  and  does  not  swell. 

PHOSPHATES. 

Clmrcliite. — B.  B.  in  the  tube  yields  acid  water,  becoming  opaque. 
In  0.  P.  becomes  reddish,  and  difficultly  soluble  (?).  With  borax  in 
0.  F.  a  bead,  orange-yellow  and  opaline  while  hot,  colorless  or  slightly 
amethystine  when  cold.  (Dana.) 

Orypiolite  is  unaltered  by  moderate  heating.  Soluble  in  concen- 
trated sulphuric  acid.  Phosphocerite,  according  to  Chapman,  vitri- 
fies partially  on  the  edges,  tinging  the  flame  slightly  green.     Afi'ords 
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the  reaction  of  phosphoric  acid  and  also  of  cerium ;  but  produces 
with  borax  and  S.  Ph.  a  glass,  pale  violet-blue  "when  cold,  owing 
either  to  didymium,  or  a  minute  portion  of  cobalt  ore  (Dana). 
Cryptolite  remains  behind  when  the  green  and  reddish  apatites  of 
Arendal  are  dissolved  in  acids,  and  is  similarly  found  in  the  cobalt 
ores  of  Tunaberg. 

Monazite. — B.  B.  becomes  dark  gray,  and  when  strongly  heated 
the  crystal  faces  become  lustrous.  Moistened  with  sulphuric  acid  it 
gives  a  bluish-green  flame.  Dissolves  in  borax  and  S.  Ph.  to  a  glass, 
yellow  when  hot  and  nearly  colorless  when  cold ;  the  same  in  both 
flames  ;  with  borax  in  the  E.  F.  the  strongly  saturated  glass  becomes 
enamel-white  by  flaming.  With  S.  Ph.  and  tin  on  coal  a  slight 
titanium  reaction.  With  soda  on  coal  a  little  tin  is  obtained,  and 
on  platinum  foil  a  manganese  reaction.  With  boracic  acid  and  iron 
phosphide  of  iron  is  formed.  (Kersten.) 

Monazitoid  yields  water.  B.  B.  becomes  strongly  luminous, 
without  fusing.     With  fluxes  like  monazite.     (Hermann.) 

CARBONATES. 

Parisite  in  the  matrass  yields  water  and  carbonic  acid,  becoming 
cinnamon  brown  and  friable.  B.  B,  phosphoresces,  but  is  infusible. 
With  borax  a  yellow  bead,  colorless  on  cooling  (Bunsen).  With 
fused  S.  Ph.  in  the  open  tube  gives  the  fluorine  reaction.  (Dana.) 

Kisclitimite  yields  water  and  becomes  darker  in  the  matrass.  B.  B. 
at  a  moderate  heat  becomes  dull,  opaline,  and  yellow;  at  a  higher 
heat  glows,  and  when  cold  has  a  high  lustre  and  is  brick-red.  With 
borax  in  0.  F.  a  glass,  yellowish-red  Avhen  hot,  feebly  yellowish  on 
cooling;  in  E.  F.  feebly  yellowish  while  hot  and  colorless  when  cold. 
With  S.  Ph.  behaves  quite  similarly. 

Lantlianite  from  Bethlehem,  Penn.,  becomes  white  when  heated, 
then  brown,  and  is  infusible.  With  borax  a  bluish  glass,  growing 
brown  on  cooling  and  finally  amethyst-red. 

SILICATES. 

a.  Cerite  yields  water  and  becomes  quite  opaque  in  the  matrass. 
On  coal  springs  about  and  is  infusible.  Dissolves  slowly  in  borax, 
giving  in  0.  F.  a  deep,  dark  yelloAV  glass,  becoming  lighter  on  cooling, 
and  which  can  be  flamed  opaque.  In  E.  F.  the  glass  shows  a  feeble 
iron  color.  By  S.  Ph.  the  oxide  of  cerium  is  extracted  Avith  the 
usual  play  of  colors;  the  glass  appears  colorless  "svhen  cold  and  a 
white,  opaque  silica  skeleton  remains.  Undissolved  by  soda,  but 
lialf  fused  to  a  dark  yellow  slaggy  mass.     (Berzelius.) 
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h.  Tritomite  yields  water  and  gives  a  feeble  fluorine  reaction  in  the 
matrass.  B.  B.  burns  white,  swells  somewhat,  becomes  cracked,  and 
occasionally  decrepitates  with  violence.  Dissolves  in  borax  in  0.  F. 
to  a  reddish-yellow  glass,  colorless  on  cooling.  The  finely  pulverized 
mineral  is  decomposed  by  hydrochloric  acid,  with  evolution  of 
chlorine  and  separation  of  gelatinous  silica.  (N.  J.  Berlin.) 

c.  Allanite  {cerine  from  Bastnas)  yields  in  the  matrass  some  water 
without  changing  its  appearance ;  the  water  is  not  therefore  chem- 
ically combined.  B.  B.  fuses  easily  with  intumescence  to  a  black, 
lustrous,  vitreous  bead.  Dissolves  easily  in  borax  to  a  black,  opaque 
glass,  which  becomes  blood-red,  however,  in  0.  F.  while  hot,  and 
more  or  less  dark  yellow  after  cooling ;  in  E.  F.  it  assumes  a  fine, 
iron-green  color.  Does  not  become  opaque  by  flaming.  S.  Ph. 
decomposes  it,  leaving  a  silica  skeleton.  The  glass  shows  the  iron 
color  while  hot,  but  in  cooling  becomes  colorless  and  opalescent. 
(Berzelius.) 

Damour  and  Descloizeaux  (Ann.  de  Chini.  et  cle  Phys.  LIX.,  365) 
have  tested  allanite  from  various  sources.  That  from  Bastnas  yields 
no  water  and  fuses  quietly  to  a  black,  magnetic  glass.  That  from 
Hitteroe  yields  some  water  and  is  easily  fusible,  with  formation  of 
bubbles,  but  without  intumescence,  to  a  black  magnetic  enamel. 
Various  allanites  from  Greenland  yield  a  little  water  in  the  matrass, 
swelling  much  at  the  same  time,  and  forming  a  spongy,  gray  mass, 
which  heated  a  short  time  B.  B.  is  converted  into  a  black  magnetic 
glass. 

d.  Orthite  from  Finbo  and  Gottliebsgang,  as  well  as  from  granite 
near  Stockholm  and  Soderkoping,  yields  water  in  the  matrass  and 
becomes  lighter  in  color  at  a  higher  heat.  On  coal  iutumesces, 
becomes  yellowish-brown,  and  finally  fuses  with  ebullition  to  a  black, 
blebby  glass.  Dissolves  readily  in  borax  to  a  glass,  blood-red  in 
0.  F.  and  yellow  when  cold.  In  E.  F.  green.  Is  easily  decomposed 
by  S.  Ph.  with  the  usual  phenomena.  With  a  very  little  soda  fuses; 
with  more  swells  to  a  grayish-yellow  slag.  On  platinum  shows 
manganese.  (Berzelius.) 

According  to  Damour  and  Descloizeaux  (1.  c.)  orthite  from 
Snarum  yields  water  and  fuses  with  difficulty  to  a  black,  magnetic 
slag;  similar  reactions  are  shown  by  various  ortliites  from  Hitteroe, 
some  of  which  assvtme  a  gray  color  in  the  matrass;  by  the  uralor- 
thite  from  Miask,  as  well  as  orthites  from  Stockholm  (one  variety 
fuses  to  a  grayish,  blebby,  feebly  magnetic  enamel)  and  Arendal. 
Orthite  from  Fahlun  becomes  white  B.  B.  and  fuses  on  the  edges  to 
a  white  enamel.     0.  from  Greenland  yields  some  water,  intumosces 
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etrongly,  and  forms  a  gray  mass,  which  fuses,  in  one  variety,  1;o  a 
grayish-black,  very  slightly  magnetic  enamel;  in  the  other,  to  a 
brownish-gray  scoria,  and  in  E.  F.  to  a  black  nftagnetic  enamel. 

e.  Pyrorthite  (containing  one-third  its  weight  of  carbon)  behaves, 
according  to  Berzelius,  as  follows  : — 

In  the  matrass  yields  very  much  water,  the  last  portions  being 
yellowish  and  having  a  burnt  odor.  The  residue  is  as  black  as  coal. 
Gently  heated  on  coal  and  afterward  ignited  at  one  point,  it  takes 
fire  and  glows  of  itself.  The  combustion  is  more  lively  with  several 
fragments,  or  with  coarse  powder,  and  when  blown  upon.  It  leaves 
the  mineral  white,  or  grayish- white,  sometimes  inclining  to  red,  and 
so  light  and  porous  that  it  will  not  remain  on  the  coal  before  the 
blowpipe  flame.  In  the  forceps  it  fuses  with  difficulty  to  a  black 
bead  with  a  dull  surface.  With  borax  and  soda  like  orthite.  Dis- 
solves with  difficulty  iu  S.  Ph.,  the  porous  mass  remaining  on  the 
surface  of  the  fluid  bead,  but  sinking  into  it  on  cooling.  It  emerges 
again  on  being  re-heated. 

To  detect  the  separate  elements  in  the  foregoing  silicates  a  proper 
amount  of  the  fine  powder  is  treated  with  aqua  regia  in  a  porcelain 
vessel,  evaporated  to  dryness,  dissolved  in  water,  and  the  silica 
filtered  out.  Ammonia  is  added  in  slight  excess  to  the  filtrate  and 
throws  down  'Be,  Ce,  La,  Di,  and  Al ;  leaving  most  of  the  Ca,  tig, 
and  IVIn.  By  digesting  the  washed  precipitate,  after  filtration,  with 
a  solution  of  potassa  Al  is  separated  and  can  be  obtained  from  the 
alkaline  solution  as  directed  for  silicates  under  alumina.  The 
metallic  oxides  freed  from  Al  are  treated  while  still  moist  with  not 
too  concentrated  a  solution  of  oxalic  acid  and  warmed;  this  dissolves 
the  iron,  and  the  other  oxides  settle  to  the  bottom  in  combination 
with  oxalic  acid,  as  a  heavy  crystalline  powder.  These  salts  are 
filtered  out,  washed  with  cold  water,  and  ignited  in  the  platinum 
capsule.  The  separation  of  the  three  oxides  has  been  described  on 
p.  201.  After  adding  a  little  nitric  acid  to  the  filtrate  the  oxide  of 
iron  can  be  thrown  down  with  potassa  and  tested  B.  B.  with  borax. 
The  further  treatment  of  the  lime,  etc.,  has  been  given  under  the 
earths. 

SILICATES    CONTAINING   TITANIC   ACID. 

TscheffJcinite  behaves,  according  to  G.  Eose,  as  follows : — 

In  the   matrass  swells  and  yields  a  little  water.     B.  B.  glows  at 

first,  then  intumesces  strongly,  becomes  brown  and  finally  fuses  to 

a  black  bead.     Its  powder  dissolves  rather  easily  in  borax  to  a  clear 

glass,  slightly  colored  by  iron;  a  small  quantity  yields  a  perfectly 
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clear  glass.  In  S.  Ph.  the  same,  but  dissolves  more  slowly,  and  when 
much  is  added  silica  separates  and  the  bead  opalesces  on  cooling. 
Fuses  with  soda,  but  soon  spreads  out  and  sinks  into  the  coal.  By 
washing  away  the  coal  a  few  spangles  of  iron  are  obtained.  On 
platinum  shows  manganese. 

Mosandrite. — This  mineral,  which  occurs  with  leucophanite,  has 
been  described  by  Erdmann.  In  the  matrass  it  yields  much  water 
and  turns  brownish-yellow  when  heated  to  redness.  B.  B.  iuses 
easily  with  intumescence  to  a  brownish-green,  semi-lustrous  bead. 
With  borax  dissolves  easily  to  an  amethyst-red  bead,  yellowish  and 
nearly  colorless  in  K.  F.  With  S.  Ph.  gives  a  silica  skeleton  and  in 
the  R.  F.  the  titanium  reaction.  With  soda  on  platinum  foil  shows 
manganese.  To  determine  such  constituents  of  these  two  silicates 
as  cannot  be  detected  in  the  dry  way,  their  fine  powder  is  digested  at 
a  very  gentle  heat  with  hydrochloric  acid,  until  it  is  thoroughly 
decomposed,  when  it  is  diluted  with  water  and  the  silica  filtered  out. 
This  may  be  tested  B.  B.  as  to  purity,  after  being  washed.  The 
filtrate  is  heated  to  boiling  and  a  little  nitric  acid  added  to  form 
sesquichloride  of  iron,  and  as  some  titanic  acid  is  liable  to  separate,  it 
is  filtered  out  and  a  slight  excess  of  ammonia  added  to  the  filtrate. 
Ce,  La,  £)i,  Fe,  and  Ti  are  thrown  down,  leaving  Oa,  IVlg,  ]\ln,  S, 
and  Na  in  solution.  The  precipitate  is  filtered  out,  washed  with 
cold  water,  and  treated  with  a  dilute  solution  of  oxalic  acid,  which 
dissolves  out  Fe  and  Ti,  leaving  Ce,  La,  and  i)i  behind  as  oxalates. 
The  former  are  precipitated  by  potassa  and  separated  by  dissolving 
them  in  a  little  dilute  sulphuric  acid,  adding  a  few  drops  of  nitric 
acid,  diluting  with  much  water,  and  boiling  until  as  much  titanic 
acid  is  precipitated  as  possible. 

This  separation  is  really  unnecessary  as  the  presence  of  titanic 
acid  and  iron  can  be  detected  with  certainty  in  the  potassa  precipi- 
tate by  means  of  borax  and  S.  Ph.,  vide  titanic  acid. 

The  undissolved  oxalates  are  ignited  and  treated  as  before,  p.  201, 
and  the  bases  in  the  ammoniacal  solution  are  also  separated  by  the 
methods  previously  made  known. 

2.  Makganese,  Mn. 

Its  occurrence  in  the  mineral  kingdom  and  in  metallurgical  products. 

Manganese  forms  an  essential  constituent  of  several  minerals, 
differing  considerably  in  chemical  composition;  it  is  found  in  the 
following  combinations : 
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a.  With  arsenic  in 
Kaneite, — Mn"  As. 

5.  With  sulpJnir  in 
Alabandite  (manganblende), — Mn ; 
Hauerite, — Mn. 

c.  As  oxide,  either /ree,  or  combined  with  wafer  of  hydration,  in 
Hausmannite  (black  manganese), — IVIn  Mn,  sometimes  containing  a 

little  ]^a,  Si,  and  3  ;  or  iln"  Mn  (Dana) ; 
Brannite, — Mn,  frequently  with  a  little  Ba,  Si,  and  ll ;  Dana  gives 

the  formula  2  ifln"  Mn  +  Mn  Si ; 
Pyrolusite  (gray  manganese), — Mn,  with  frequently  a  little  Ba,  Si, 

and  tl ; 
Polianite  (a  very  pure  pyrolusite  with  less  water  than  any   other 

manganese  ore,  which  contains  chiefly  Mn ;  also  very  little  ^\ 

and  iPe) ; 
Manganite, — Mn  3 ; 

Psilomelane,— (Mn,  Ba,  £)  Mn  +  3  (Eammelsberg) ; 
Varvacite, — Mn  fl  +  Mn,  possibly  only  a  mixture  of  both  ; 
Wad,  probably  resulting  from  the  alteration  of  other  manganese 

ores.     It  consists  principally  of  Mn,  Mn,  and  fl,  but  usually 

contains  more  or  less  ^e,  Al,  Ba,  Si,  etc. ; 
Groroilite,  very  similar  to  wad,  is  chiefly  Mn  +  fl,  but  mixed  with 

Mn  +  fl,  and  containing  a  little  £e  and  clay; 
Pyrochroite,— (Mn,  ilg)  H ;  (Dana). 

d.  With  other  metallic  oxides  : 

a.  With  protoxide  of  cobalt  in 
Asbolite  (earthy  cobalt),— Mn,  Co  (Cu),  fi ;  sometimes  mixed  with 

'Be,  Co^  As,  and  silicates  of  alumina.     The  black  mineral  from 

Kamsdorf  near  Saalfeld  is,  according  to  Rammelsberg,  (Oo,  Ou) 

Mn"  +  4  fi,  and  contains   19.4   per  cent.  Co  =  15.4  per  cent. 

Co. 

(3.  With  oxides  of  zinc  and  iro7i  in 
Franklinite,— (i'e,  Sin,  Mn)'  (3^e,  Mn),  occasionally  containing  a 

little  Si,  Al,  and  iig. 
y.  With  oxide  of  copper  in 
Crednerite,— Cu"  Mn',  incl.  l^a  and  a  little  Ca,  with  33.7  per  cent 

Cu; 
Lampadite  (cupreous  manganese),— (Cu,  Mn)   Mn'  +  2  fi,  incl.  a 

little  Co,  Ca,  Ba,  Mg,  and  K,  with  about  12  per  cent.  Cu. 
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e.  Combined  with  acids. 

a.  With  sulphuric  acid  in 
Fauserite,— Mg  S  +  2  IVIn  S  +  15  fi  (Dana) ; 
Apjohnite  (manganese  alum),  vide  magnesia. 

/3.  With  2Jhosphoric  acid  in 

Hureaulite  — (^n,  te)'  P^  +  5  fl  ; 

Triplite  from  Limoges,— J^e*   P  +  tin*  'P,  incl.  a  little  Ca ;   Dana 

gives  V.  Kobell's  formula  as   iVP  +  R  F ;  E  =  i  Fe  +  f  IVIn, 
and  R  =  1  Ca  +  3  Mg  +  3  Fe,  for  a  triplite  from  Schlackenwald; 
Zwieselite,— (Fe,  Sin)'  P  +  (Fe,  Mn)  F,  with  a  little  Si; 

Heterosite, — 3  (f'e,  IVIn)^  P  +  5  £[  ;  perhaps  altered  triphylite ; 
Triphylite,  vide  lithia. 

y.  With  carbonic  acid  in 
Rhodochrosite  (dialogite), — iJin  C,  but  may  generally  be  expressed 

by  the  formula  (JVEn,  '^q,  Ca,  ^g)  C  ; 
Manganocalcite,— (da,  IVIg)  C  +  2  (Fe,  Sin)  C. 

5.  With  tungstic  acid  in 
Megabasite,— (^In,  Fe)*  W^ 
Huebnerite, — '^in  W  (Dana) ; 
Wolframite,  vide  iron. 

£.  With  tantalic  and  hyponioMc  acids  in 
Tantalite  and  columbite,  v2;V?e  iron. 

^.  With  silicic  acid  in  the  following  silicates : 
Piedmontite  I  A,  3,-3  Ca'  Si  +  2  (Sn,  Al,  ^e)'  Si'; 
Partschinite, — Si,  Al,  Fe,  Sin  (29  per  cent.),  Oa ; 

^n   Si;    the    related    minerals   allagite,  photicite, 
corneous   manganese  {horn  mangan),  hydropit, 
Rhodonite,      V  are  mixtures  of  hornstone  and  silicate  of  man- 

ganese and  partly  also  of  hornstone  with  rhodo- 
chrosite ; 

Tephroite  I-II,  IG,— Mn'  Si,  excl.  Fe,  Ca,  Mg,  ll ;  • 

Knebelite  III,  IG, — (^  Fe  +  ^  Mn)'  Si,  with  about  35  per  cent.  Mn: 
Fowlerite  {zinciferous  rhodonite), — (Mn,  Fe,  Zn,  'iig,  Ca)  Si; 
Manganese,  black  silicate  of,  I  A  {Mangankiesel,  schivarzer ;  perhaps 

hydrous  tephroite), — Mn'  Si  +  2  fl ; 
Marceline  {heterocline), — Mn'  Si^  incl.  a  little  ^e. 

According  to  Bahr  the  following  combinations  also  occur: 

Sin'  Si^  +  3  ll  from  Klapjierud;  from  the  same  place  (2  Hn* 
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gi'  +  6  II)  +  3  (&=  Si  +  2  H) ;  also  (3  ^In^  Si*  +  ll)  +  ^e  ll\ 
and  (3  ll'  Si  +  I  H)  +  I  E  Si'.  Perhaps  with  these  should  be 
joined  ivittingite,  stratopeite  (with  8  per  cent.  ]5lg),  and  neotocite. 

Helvite,  vide  glucina ; 

Spessartite  (manganese-alumina  garnet)  I,  2, — 3  Mn"  Si  +  AV  Si', 
also  containing  some  ^^e; 

Carpholite,  vide  alumina ; 

Troostite,  vide  zinc. 

•>].  With  arsenic  acid  in 

Chondrarsenite,  1 ;  essentially  IVIn'  Xs  +  2^  H,  excl.  some  Ca  and 
Sig. 
1  With  horacic  acid  in 
Sussexite  — (f  (Mn,  %)  +  ^  li)'  B*,  or  (IVIn,  JJig)*  B  +  fi  (Brush). 

The  numerous  other  silicates  containing  manganese  have  been 
already  partly  enumerated  under  the  alkalies  and  earths,  and  the 
remainder  will  be  mentioned  under  the  following  metals,  etc. 

Manganese  also  forms  a  frequent  constituent  of  various  metallur- 
gical products,  occurring  in  the  metallic  state  in  raw  iron  and  steel; 
with  sulphur  in  the  various  matt-like  products  from  the  smelting  of 
certain  silver,  lead,  and  copper  ores,  and  especially  also  as  protoxide 
with  silicic  acid  in  the  different  slaars. 
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Examination  for  Manganese 

Including  the  hloiopipe  characteristics  of  tlie  mi^ierals  alove  enu- 
merated. 

a.  General  examination  for  manganese. 

Manganese  can  be  very  easily  detected  in  substances  containing, 
besides  oxide  of  manganese,  no  other  metallic  oxides  which  give 
colored  glasses  with  borax  and  S.  Ph.,  by  simply  dissolving  them  in 
those  iiuxes'  on  platinum  wire  in  the  0.  F.  and  then  treating  the 
bead  with  the  E.  F.  The  hot  beads  appear  amethyst-red,  but  on 
cooling  are  red  inclining  to  violet,  and  lose  their  color  when  treated 
for  some  time  in  the  R.  F.,  especially  on  coal.  S.  Ph.  is  far  less 
intensely  colored  than  borax  and  the  color  disappears  much  more 
readily  in  the  R.  F.,  vide  tables,  p.  105.  Should  a  small  proportion 
of  other  coloring  oxides  be  present  they  alter  the  amethyst  color 
obtained  in  0.  F.  slightly  or  not  at  all,  but  occasionally  show  their 
own  peculiar  color  after  the  manganese  coloration  has  disappeared 
under  the  R.  F.,  e.  g.,  sesquioxide  of  iron.    Should  the  amount  of 

14 
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sesquioxide  of  iron  be  large,  the  bead  appears  blood-red  in  tbe  0.  F. 
and  yellow  after  short  treatment  in  the  R.  F.  "When  the  amount  of 
Oxides  and      manganese  is  considerable  the  assay  should  be  quickly 

Salts.  pinched  together  a  little  after  the  reduction,  or  else  shaken 
oflf  from  the  wire,  so  that  it  may  cool  immediately  and  not  give  the 
protoxide  of  manganese  an  opportunity  to  color  the  bead  again  by 
becoming  more  highly  oxidized.  If  there  is  not  manganese  enough 
to  color  the  S.  Ph.  bead,  the  latter,  after  a  sufficient  quantity  of  the 
substance  has  been  dissolved  in  it,  is  brought  in  contact  with  a  little 
crystal  of  nitre,  which  causes  it  to  froth  up  and  assume  on  cooling 
an  amethyst,  or  feeble  rose  color,  according  to  the  amount  of  man- 
ganese present.  The  small  fragment  of  nitre  is  placed  near  by  on  a 
porcelain  dish,  and  the  bead  after  being  strongly  heated  on  the  wire 
in  the  0.  F.  is  quickly  brought  against  it,  when  the  two  salts  unite 
and  permanganate  of  potassa  is  formed  by  the  resulting  oxidation. 
The  evolution  of  gas  causes  the  glass  to  froth  up,  and  it  may  show 
the  red  color  only  when  cold.  On  treating  it  again  in  the  flame  the 
reaction  produced  by  the  nitre  entirely  disappears. 

Another  method  must  be  employed  to  detect  manganese  in  com- 
pounds containing  more  than  a  small  proportion  of  distinctly 
coloring  oxides.  The  best  reagent  is  soda,  which  in  all  cases  gives  the 
most  characteristic  reaction  for  manganese.  If  there  is  not  less  than 
0. 1  per  cent,  of  oxide  of  manganese  present  the  powdered  substance  is 
mingled  with  two  or  three  volumes  of  soda  and  fused  on  platinum 
foil  in  the  0.  F.  The  oxide  of  manganese  dissolves  in  the  soda  to 
a  transparent,  green  mass,  consisting  of  manganate  of  soda,  which 
flows  around  the  undissolved  portion  and  on  cooling  is  distinctly 
bluish-green.  If  there  is  less  than  0. 1  per  cent,  of  manganese  this  green 
color  is  not  so  easily  obtained,  but  by  employing  two  parts  of  soda 
and  one  of-  nitre  all  of  the  oxide  of  manganese  is  more  highly 
oxidized  and  the  least  trace  of  it  colors  the  soda  distinctly  bluish- 
green,  after  the  assay  is  perfectly  cold. 

To  obtain  a  certain  manganese  reaction  from  garnets,  Fischer 
(Leonh.  Jahrh.  1861,  653)  has  recommended  to  dissolve  not  too  little 
of  the  mineral  in  a  borax  bead  and  then  to  fuse  this  with  soda  on 
platinum  foil,  when  the  manganese  reaction  is  more  distinct  tlian 
with  soda  alone.  (Chapman  proposed  this  method  for  limestone, 
etc.,  as  early  as  1852.— Transl.) 

The  presence  of  sesquioxide  of  chromium  gives  rise  to  yellow 
alkaline  chromates  when  soda  and  nitre  are  used,  but  this  in  no  way 
conceals  the  green  color  of  the  alkaline  manganate,  since  when 
oxide  of  chromium  is  fused  on  platinum  foil  with  equal  parts  of  soda 
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and  nitre  a  very  trifling  quantity  of  manganese  may  be  detected  by 
the  green  color  of  the  perfectly  cold,  fused  mass.  This  green  is, 
however,  no  longer  bluish,  but  yellowish-green. 

Minerals  containing  any  oxide  of  manganese,  higher  than  the 
protoxide,  evolve  chlorine  when  heated  with  hydrochloric  acid,  and 
this  can  be  detected  by  its  odor. 

Metallic  compounds  must  be  dissolved  in  nitric  acid,  evaporated 
to  dryness,  the  salts  decomposed  by  ignition,  and  the  resulting  oxides 
tested  for  manganese  with  soda  and  nitre,  as  above.     Metallic  Arsenides 

If  the  substance  consists  of,  or  contains  sulphides     ^^'^  suipiiides. 
or  arsenides  of  the  metals,  it  must  be  masted  on  coal,  p.  77,  before 
the  above  tests  for  manganese  can  be  applied. 

When  the  substance  contains  silica  and  protoxide  of 
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cobalt  at  the  same  time,  e,  g.,  an  ore  dressed  in  the  large 
way,  the  above  treatment  with  soda  yields  a  blue  mass,  consisting  of 
oxide  of  cobalt  dissolved  in  silicate  of  soda,  by  which  the  green  of 
the  manganese  is  entirely  concealed.  After  separating  the  silica 
and  other  injurious  ingredients,  however,  by  fusion  with  soda 
and  borax  and  subsequent  treatment  in  the  wet  way,  as  directed 
for  silicates  under  lime,  p.  155,  the  manganese  can  be  found  with 
certainty. 

b.  Blo'wpi2}e  characteristics  of  the  minerals  enumerated  alove. 

ARSENIDE  OF  MANGANESE. 

Kaneite  burns  on  coal  with  a  blue  flame  and  yields  a  coat  of 
arsenous  acid  (Kane).  The  residue  undoubtedly  gives  manganese 
reactions. 

SULPHIDE   OF   MANGANESE. 

a.  Alalandite  is  unchanged  in  the  closed  tube.  In  the  open  tube 
yields  sulphurous  acid  and  turns  grayish-green  on  the  surface.  When 
thoroughly  roasted  on  coal,  which  occurs  very  slowly,  it  reacts  like 
pure  oxide  of  manganese. 

b.  Hauerite  yields  sulphur  in  the  closed  tube  and  becomes  green. 
In  the  open  tube  yields  much  sulphurous  acid  and  becomes  green 
on  the  surfixce.  When  well  roasted  reacts  like  oxide  of  manganese 
with  the  fluxes. 

OXIDES   OF   MANGANESE. 

Most  of  the  oxides,  viz.,  hausmannite,  braunite,  manganitCf 
psilomelane,  varvacite,  and  load  yield  more  or  less  water  in  the 
matrass,  and  such  as  contain  a  higher  proportion  of  oxygen,  espe- 
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oiallj poUcmite,py7'olusife,  and  groroilite,  when  heated  to  redness  give 
off  oxygen,  which  may  be  recognized  by  means  of  a  little  fragment 
of  charcoal  placed  in  the  matrass. 

They  dissolve  in  borax  and  S.  Ph.,  some  of  them  with  efferres- 
cence,  jDroduced  by  escaping  oxygen,  and  either  behave  like  pure 
oxide  of  manganese,  or  after  reduction  show  iron,  p.  209.  They 
frequently  contain  a  small  amount  of  alkalies,  baryta,  or  lime,  which 
may  be  detected  by  igniting  them  thoroughly  in  the  0.  F.,  laying 
them  on  platinum  foil,  moistening  them  with  a  few  drops  of  water, 
and  after  some  time  testing  this  water  with  red  litmus  paper.  On 
dissolving  such  an  oxide  of  manganese  in  hydrochloric  acid  chlorine 
is  evolved  and  any  silica  present  remains  behind.  The  solution  may 
then  be  further  examined  as  directed  under  baryta  and  lime. 
Pyrochroite  yields  much  water  in  the  matrass,  becomes  green,  then 
greenish-gray,  and  finally  broAvnish-black. 

OXIDES   OF   MANGANESE   COMBINED   WITH  OTHEE  METALLIC    OXIDES. 

Black  earthy  cobalt  from  Saalfeld  yields  water,  which  has  a  burnt 

odor.  B.  B.  in  the  forceps  and  on  coal  is  infusible,  but  if  Co'  As  is 
present  it  gives  a  light  blue  flame,  and  on  coal  evolves  a  feeble 
odor  of  arsenic.  With  borax  in  0.  F.  a  dark  violet  glass,  smalt- 
blue  in  E.  F.  In  S.  Ph.  only  the  cobalt  color,  but  the  saturated 
bead  treated  on  coal  with  tin  becomes  opaque-red  on  cooling,  vide 
copper.  Is  not  dissolved  by  soda,  but  gives  a  strong  manganese 
reaction  with  soda  and  nitre. 

The  same  mineral  from  Schneeberg  yields  water  in '  the  matrass. 
With  borax  and  soda  like  the  above ;  but  with  S.  Ph.  shows  only  the 
cobalt  reaction. 

Many  so-called  earthy  cobalts  contain  so  little  Co  and  so  much 
Mn  that  a  very  large  amount  must  be  dissolved  in  the  borax  bead 
and  this  treated  for  a  long  time  in  a  good  E.  F.  in  order  to  produce  a 
blue  color. 

Franlclinite  alone  is  infusible  ;  the  moistened  powder  treated  some 
time  on  coal  in  a  strong  E.  F.  yields  a  very  distinct  zinc  coat.  With 
borax  and  S.  Ph.  shows  manganese ;  .but  the  somewhat  strongly 
saturated  borax  bead  is  rather  red,  and  on  coal  in  the  E.  F.  becomes 
bottle-green  from  proto-sesquioxide  of  iron.  With  soda  on  platinum 
foil  shows  manganese,  and  on  coal  a  slight  zinc  coat,  becoming 
stronger  when  some  borax  is  added. 

Crednerite  fuses  only  on  the  edges  of  very  thin  scales.  With  borax 
a  dark  violet  glass ;  with  S.  Ph.  a  green  glass,  blue  when  cold,  and 
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becoming  copper-red  in  R.  F.      Dissolves  to  a  green   solution  in 
hydrochloric  acid,  Avith  evolution  of  chlorine.    (Eamnielsberg.) 

Lampadite  or  cupreous  manganese  yields  mucli  water  in  the 
matrass  and  then  decrepitates  somewhat.  In  R.  F.  on  coal  becomes 
brown,  but  is  infusible.  With  the  fluxes  affords  reactions  for  copper 
and  manganese,  and  with  soda  and  borax  in  R.  F.  on  coal  yields  a 
little  button  of  copper. 

COMBINATIOXS   OF   PROTOXIDE    OF    MANGANESE   WITH   ACIDS. 

The  phosphates  of  manganese,  including  JmreauUte,  triplite, 
zwieselite,  lieterosite,  and  tripliylite,  yield  more  or  less  water.  B.  B. 
fuse  very  easily  to  a  globule  and  color  the  flame.  Those  free  from 
lithia  give  a  bluish-green,  phosphoric  acid  flame;  the  others  produce 
a  red  coloration  at  tlie  same  time.  With  the  fluxes  react  for  man- 
ganese and  iron. 

Megabasite  behaves  like  wolframite,  p,  231. 

Huehnerite. — In  the  forceps  less  fusible  than  wolframite  ;  with  the 
fluxes  gives  manganese  and  tungstic  acid  reactions.   (Dana.) 

RliodocJirosite  and  manganocalcite  occasionally  yield  some  Avater 
and  often  decrepitate  very  violently.  Thoroughly  ignited  on  coal 
and  moistened  with  water,  they  generally  have  an  alkaline  reaction 
on  red  litmus  paper,  owing  to  the  presence  of  lime.  They  dissolve 
in  the  fluxes  with  effervescence,  owing  to  escaping  carbonic  acid,  and 
react  like  oxide  of  manganese  containing  iron. 

Chondrar senile  decrepitates  in  the  closed  tube,  blackens,  and  gives 
neutral  water.  On  charcoal  fuses  easily  to  a  black  bead,  not  mag- 
netic; in  R.  F.  gives  arsenical  fumes.  With  borax  a  manganese 
reaction.  (Dana.) 

Sussexite  behaves,  according  to  Brush,  as  follows : — 

In  the  closed  tube  darkens  slightly  and  yields  water,  containing 
at  least  a  trace  of  boracic  acid.  Fuses  in  the  candle  flame.  B.  B.  in 
0.  F  yields  a  black  crystalline  mass,  and  colors  the  flame  intensely 
yellowish -green.     With  the  flaxes  affords  the  manganese  reactions. 

SILICATES. 

Part  of  the  silicates  enumerated  on  p.  208,  yield  some  water  in 
the  matrass,  which  occasionally  has  a  burnt  odor.  Their  fusibility 
is  indicated  by  the  annexed  figures.  With  borax  dissolve  easily  to  a 
clear  glass,  showing  manganese  and  more  or  less  iron.  With  S.  Ph, 
yield  a  silica  skeleton  and  a  manganese  glass,  generally  colorless  in 
the  R.  F.,  but  sometimes  opalescent  on  cooling. 
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They  fuse  with  little  soda  to  a  black  bead,  with  more  yield  a 
difficultly  fusible  slag,  and  an  excess  of  soda  goes  into  the  coal. 
When  it  is  necessary  to  determine  any  earthy  admixtures  the 
method  described  for  silicates  under  lime,  p.  155,  is  followed. 

c.  Examination  for  manganese  in  metallu7-gical  pj'oduds. 

In  raio  iron  and  steel  manganese  can  only  be  found  after  solution 
in  nitric  acid,  as  directed  for  metallic  compounds,  p.  210. 

Matt-like  products,  viz.,  Rolistein,  lead  matt,  copper  matt,  etc., 
are  powdered  and  thoroughly  roasted  on  coal,  after  which  the  oxides 
formed  are  tested  with  soda  and  nitre,  according  to  p.  210. 

The  method  of  detecting  manganese  in  dressed  ores  and  slags  has 
already  been  described  under  lime,  p.  155. 

3.  Ieoit,  Fe. 

Its  occurrence  in  the  mineral  hitigdom  and  in  metallurgical 

products. 

Iron  is  very  widely  spread  throughout  nature,  occurring  in  most 
minerals,  although  sometimes  only  in  traces.  It  is  found  under 
various  conditions  in  the  following  minerals  : 

a.  Metallic,  as 
Native  iron, — Fe,  in  grains  and  scales,  frequently  containing  carbon 

(graphite)  and  more  rarely  lead  and  copper ; 
Meteoric  iron, — Fe,  with  more  or  less  ISTi  and  small  quantities  of  Co, 

Mn,  Cu,  Or,  Sn,  Mg,  Si,  C,  CI,  S,  and  P; 
Iron-platinum  (Eisenplatin),  vide  platinum. 

i.  Combined  with  arsenic  in 
Leucoj)yrite, — Fe  As,  but  containing  sometimes  nearly  9  per  cent,  of 
arsenopyrite. 

c.  Combined  with  arsenic  and  sulphur  in 

Arsenopyrite  (mispicJcel), — Fe  S"  +  Fe  As,  with  33.5  per  cent.  Fe ; 
Danaite  {cohaltic  arsenopyrite), — (Fe,  Co)  S'  +  (Fe,  Co)  As,  with  4 

to  9  per  cent,  of  iron  replaced  by  cobalt ; 
Glaucodot,  vide  cobalt. 

d.  Combined  with  sulphur  in 

Pyrrhotite  {magnetic  pyrites), — Fe'  Fe*  with  60.8  Fe  (Eammels- 
berg) ;  or  6  Fe  S  +  Fe  S''  (Dana).  Most  varieties  contain  a 
little  Ni. 

*  Fe  S  occurs  only  in  metcoru'  iron,  and  has  been  called  troilite  by  Haidinger. 
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Pyrite,— Fe,  with  46  :o  49  per  cent.  Fe;  frequently  containing  a 
little  As  and  sometimes  thallium ; 

Marcasite  (including  radiated,  cockscomh,  spear,  capillary,   hepatic, 

It 
etc.,  pyrites),— ^e\  its  liability  to  become  weathered  has  been 

attributed  by  Berzelius  to  an  admixture  of  Fe ;  certain  varieties 
of  hepatic  pyrites  contain  a  little  thallium ; 

Lonchidite, — Fe  with  4. 4  per  cent.  As;  perhaps  a  mixture  of  mar- 
casite and  arsenopyrite ; 

Pacite ,— Fe  S^  +  4  Fe  As  (Dana) ; 

Kyrosite, — probably  marcasite  containing  some  Cu  and  As. 

Various  other  combinations  of  iron  and  sulphur  form  a  more 
or  less  essential  ingredient  of  many   minerals,   which   will  be 
enumerated  under  Co,  Ni,  Zn,  Sn,  Cu,  Ag,  and  Sb. 
e.  With  p)hosp1iorus  in 

Schreibersite ;  P,  Fe,  Ni,  and  a  little  Co. 
/.  As  oxide,  either /ree,  or  combined  with  loater  of  hydration,  in 

Magnetite  {magnetic  iron  ore), — 'Pe  ^e,  with  72.4  Fe,  and  often  a 
little  liln  and  Si ; 

Ochreous  magnetite  (Eisemnulm), — (Fe,  Jliln)  l^e,  with  57.1  Fe  and 
13.2  Mn,  also  a  little  Cu  and  Si ; 

Hematite  {7-ed  iron  ore,  specular  iron), — ^q,  with  70  Fe  and  some- 
times a  little  chromium  or  titanium ; 

Turgite,— l?e'  S  with  66.3  Fe; 

Limonite  {hog  ore,  hroion  iron  ore,  ochre,  clay -ironstone,  in  part), — 

l^e*  fl'  with  59.9  Fe;  occasionally  Si,  Sn,  Al,  P,  and  traces  of 
Cu  and  Co ; 

Gothite  {lepidocrocite,  needle-ironstone,  pyrrhosiderite), — 'Be,  fi,  with 
62.9  Fe ;  sometimes  mixed  with  Sin  and  Si,  more  rarely  con- 
taining Cu  and  l^e'  P ; 

Xanthosiderite  (yelloio  ochre,  hog  ore,  in  part), — l^e  fi"  with  57.1  Fe, 
and  some  Si,  Al,  Sin,  Ca  C,  and  Sig  C ; 

Limnite  {yellow  ochre,  pt.), — ^e  II' ; 

Clay-ironstone,  a  mixture  of  limonite  with  clay  in  part,  including 
pisolitic  ore  {Bohnerz) ; 

Pog  ore  (partly  limonite  and  partly  xanthosiderite),  a  hydrated  ses- 
quioxide  of  iron  with  Mn,  sand  and  admixtures  of  phosphate, 
silicate,  and  organic  salts  {h^imic  acid)  of  l^e  and  'f'e  ; 

Ochre,  deposited  from  sjirings  and  consisting  essentially  of  l^e  H", 
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but  containing  small  quantities  of  other  metallic  oxides  and! 

earths. 
g.  As  oxide  combined  with  other  oxides. 
a.  With  magnesia  in 
Magnesioferrite,  vide  magnesia. 

/3.  With  oxides  of  manganese  and  zinc  in 
Franklinite,  vide  manganese. 

y.  With  oxide  of  chromium  in 
Chromite  {chromic  iron), — {^e,  Or,  '&ig)  (Sr,  '^e,  :^1),  occasionally 

also  containing  a  little  iJin  and  Si;  the  amount  of  !Pe  Yaries 

from  20  to  36  per  cent. 
h.  Combined  with  acids. 
a.  With  chlorine  in 
Molysite ,— Fe''  CP  ; 
Kremersite,  vide  potassa. 

/3.  With  sulphuric  acid  in 
Melanterite  {copperas), — J'e  B"  +  7  H,  with  25.8  l^e ;  tauriscite  from 

Uri,  Switzerland,  is  said  to  have  the  same  composition  (Dana) ; 
Pisauite,— (Ou,  te)  S  +  7  H,  with  10.9  I^e; 
Botryogen,— Fe'  W  +  3  Fe  E'  +  36  fl,  but  some  of  the  ^e  replaced 

by  S[g  and  Ca ; 
Voltaite,  vide  potassa; 
Eoemerite,— probably  [(^e,  ^In)  S  +  Fe  S']  + 12  fl,  with  20.7  le 

and  7.2  ^e  (Eammelsberg) ; 
Halotrichite,— i'e  E  +  M  S'  +  24  £[  with  7.6  if  e,  but  always  mixed 

with  more  or  less  sulphate  of  iron  ;  Dana  gives  22  ^  ; 
Glockerite, — ^e''  H  +  6  H  with  62.4  ^e,  and  sometimes  a  little  ^u 

and  Cu; 
Apatelite,— ie'  E'  +  2  fl  with  53.3  Fe  ; 
Fibrof«rrite  — Fe'  E'  +  27  fl  with  34.4  'Fe ; 
Copiapite,— le°  E"  +  12  fl,  excl.  a  little  Al,  Oa,  ilg,  and  Bi; 
Stypticite, — Se  iS"  +  10  £1 ;  Dana  makes  it  identical  yfith  Jibr of  er rite  j 
Coquimbite, — 3^e  E^  +  9  £[,  with  28  'Be  and  Si,  gypsum  and  epsomite 

as  impurities. 
Carphosiderite,— le'  E'  +  12  ll ; 
Jarosite,— (5  ¥e  E  +  t.  E)  +  10  H  with  51.4  ^e;  tAvo  other  varieties 

styled  Gelbeisefierz  contain  4  l!e  *S  +  Si  S  +  9  fl,  with  48.7  ^Cj 

for  one,  and  4  le's  +  iffa  S  +  9  H,  with  50  Fe,  for  the  other ; 
Pissophanite,— (Al,  'We)"  E'  +  30  ll  {green  variety),  and  (Al,  fe)'  *§ 

+  15  ll  {yellow  variety) ;  the  Fe  varies  from  9.7  to  40  per  cent. 
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Eaimondite,— 3^e'  '&  +  7  fl  (Dana) ; 
Pettkoite,— S,  le,  te,  (fi)  (Dana). 
7.  With  phosphoric  acid  in 

Dufrenite  (kraurite),— 2  3^e'  P  +  5  S,  with  62.5  l^'e.    Schnabel  gives 

for  a  variety  from  Siegen  (Pe'  ?  +  3  l^e'I^)  +  fl  ; 

Vivianite,— 6  (£^e'  P  +  8  fi)  +  (l^e"  P'  +  8  fl:),  with  33  per  cent,  i'e 

12.2  ^e ;  Dana  gives  f^e"  'JP  +  8  fi,  with  43  S^e,  for  the  unaltered 
mineral ; 

Diadochite,— (le'  P  +  12  fi)  +  2  (^e  S"  +  12  fi),  with  38.9  j^e; 

Delvauxite, — l^e"  P  +  18  H  ?,  with  40.4  ¥e ;  a  tvet  dufrenite  accord- 
ing to  Dana ; 

Pseudotriplite, — {Me,  MuY  P'  +  2  fl,  excl.  a  little  Si;  contains  51.5 
£*e;  an  altered  triphylite  (Dana); 

Cacoxenite, — l^e*  IP  +  12  fl,  with  admixture  of  Si,  Ca,  Slg,  and  Al, 
the  latter  appearing  to  replace  some  Pe ;  fluorine  is  also  present; 
the  'B-Q  varies  between  36  and  43  per  cent. ; 

Childrenite ,— [2  {^q,  ^l\\,  tig)'  P  +  AP  F]  +  15  fl,  with  a  little  Si 
as  quartz,  and  30.6  i'e; 

Alluaudite,— (^In,  IsTa)"  P  +  ^e  P  +  fi,  with  25.6  ^e  (Damour)  j 
supposed  to  be  altered  triplite  (Dana) ; 

Calcioferrite,— (3  E^  P'  +  4  R*  P)  +  48  fl: ;  fl  =  Ca,  tig;  U  =  l?e, 

Al,  with  24.3  Me ; 
Triphylite,  vide  lithia ; 
Zwieselite, 
Heterosite, 


^  .  ,.,  ,   wc?(3  manganese. 

Triplite, 

Hureaulite,  > 

(5.  "With  carbonic  acid  in 
Siderite  {chahjMte,  spathic  iro7i),—Pe  C  with  62  ^e  or  48.2  Fe,  but 
generally  containing  more  or  less  lltln,  Ca,  liig,  and  sometimes 
Zn,  so  that  the  general  formula  is  {te,  Sin,  2n,  Ca,  Mg)  C ; 
Ankerite,  vide  lime. 

E.  "With  oxalic  acid  in 
Humboldtine,— 2  J^e  ^  +  3  £[,  with  40.5  I'e ; 

^.  With  ioracic  acid  in 
Lagonite,— l^e  B*  +  3  S  with  37.8  3^e. 
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r\.  "With  arsenic  acid  in 
Arseniosiderite,— (3  Ca"  As  +  3  le'  As  +  12.U)  +¥e  fl,  with  39.3 

Pharmacosiderite,— l&'e'  Is  +  i^e'  'As  +  18  fi,  with   37.8  l^e,   and 

sometimes  a  little   P  and  Cu ;  Dana  gives  3  £e  As  +  ^e  ll*  + 
12  fl; 
Scorodite,— Se  As  +  4  £[,  with  34.6  2e; 

Beudantite, — P,  As,  B',  3?e,  I^b,  (Cu),  fi;  the  acids  vary  in  their 
relative  proportions  from  very  little  to  nearly  14  per  cent,  in 
different  specimens ;  Dana ; 

Pitticite,— (£V  is'  +  15  fl)  +  (^e  S  +  15  fl)  with  35.5  i^e; 

Carminite,— Pb'  As  +  5  fe  As,  with  28  ^e; 

Symplesite, — l^e,  £'e,  As,  fl,  with  a  little  ]^i,  Sin,  and  S"; 
Clinoclasite,  vide  copper. 

&.  With  tungstic  acid  in 
Wolframite,  of  which  there  are  several  varieties : 

Mn  W  +  4  i'e  W",  with  19.3  t'e,  from  Ehrenfriedersdorf ;  Flowe 

Mine,  N.  C,  etc. ; 

3  Sin  W  +  2  i'e  W,  with  9.5  i'e,  from  Zinnwald,  Altenberg, 
Freiberg,  Schlackenwald,  Monroe,  Ct. ; 

4  Mn  W  +  Fe  W,  with  4.7  J'e,  from  Schlackenwald  (fine,  brown- 
ish-red needles),  St.  Francis  Eiver,  Mo. 

In  different  varieties  a  little  niobic  and  tantalic  acid  have  been 
found. 
Ferberite,— (i'e,  Sin)*  W ;  ^e  =  23  to  26  per  cent. ;  Dana. 
I.  With  titanic  acid  in 

Menaccanite  {criclitonite,  ilmenite,  hiMelopTiane,  luasJiingtonite,  iserite, 
iasanomelan,  menaccanite).  According  to  Mosander  and  Eam- 
melsberg,  isomorphous  mixtures  of  ~^e,  'Ti,  and  Se,  in  which 
some  of  the  i'e  is  almost  always  replaced  by  llftg.  The  different 
varieties  may,  according  to  Eammelsberg,  be  brought  under  the 
following  formulae : 

Crichtonite,  kibdelophane,  titanic  iron  from  Eio  Chico, — i'e  'li ; 

Titanic  iron  from  Layton's  Farm, — ( J'e,  Sig)  Ti ; 

The  remaining  varieties  consist  of  m  (J^e,  Mn,  Sig)  I'l  +  n  i?e, 
in  the  following  proportions : — 


m 
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9  :     1,— Egersund,  Krageroe,  St.  Paul's  Bay,  Cienaga; 
6  :    1, — Ilmen  mts.  {ilmenite) ; 
4  :     1, — Chateau  Eicher; 
3  :     1, — Iserwiese  {iserite,  pt.) ; 
1  :     1— Litchfield,  Ct.,  Tvedestrand,  Sio-Tok; 
1  :     2, — Bodeu mais,  Eisenach,  HoiTsjoberg,  Uddewalla; 
1  :     3, — Aschaffenburg; 
1  :    4, — Snarum,  Binnenthal,  Oak  Bowery ; 
1  :     5, — St.  Gothard  (basanomelan) ; 
1  :  13, — Krageroe,  Tavetschthal. 
Parathorite,— i^e,  Ti. 

«.  With  tantalic  acid  in 

Tantalite,  essentially  J'e  Ta,  with  more  or  less  ifln  Ta.  Tantalite 
almost  always  contains  Sn;  the  French  varieties  sometimes  Zr; 
finally,  W,  as  well  as  a  little  Oa  and  Ou,  occasionally  are  j^resent. 

Tapiolite,— i'e'  Ta*,  a  little  Sn ;  Dana. 
X.  With  hyponioMc  acid  in 

Columbite  [niolite). — The  purest  varieties  correspond,  when  not 
more  or  less  altered,  to  II  Ub,  in  which  ll  =  Ji'e,  '&h\.  These  are 
the  varieties  from  Greenland,  the  Ilmen  Mountains,  and  the 
Ural.  In  many  varieties  there  is  a  little  W,  Sn,  and  Cu ;  that 
fi."om  the  Ilmen  Mountains  also  contains  "G-.    Dana  gives  as  the 

general  formula  (^e,  ]Jln)  (Sfb,  Ta),  but  writes  S^b  =  Ob ; 

Adelpholite,— STb,  f'e,  IVIn,  fl  (Dana). 

fi.  With  silicic  acid  in  the  following  silicates: — 
Sideroschisolite  I,  IG,— J^e'  Si  +  2  fl,  with  74.6  i^e  and  a  little  3tl; 

probably  cronstedtite  (Dana) ; 
Chamoisite  (berthierine)  I,  IG,— Si,  A\,  te,  £[,  with  60.5  to  74.7  i'e; 
Thuringite  I-II,  IG,— 2  ^&'  Si  +  (Al,  ^q)'  Si  +  4  iS.,  inch  Sig; 

with  30.7  to  34.5  f^e  and  12.1  to  17.6  ^e; 
Cronstedtite  II,  IG, — i'e'  Si  +  ]^e  Si  +  3  fl,  but  contains  some  Ikln 

and  Sig ; 
Griinerite, — f^e  Si,  incl.  a  little  Al,  Oa,  and  Dtlg;  an  iron  amphibole; 
Hisingerite   (degeroite,  scotiolite)    II-III,   1, — composition  variable. 

Some  varieties  from  Eiddarhyttan  correspond  to  3  t'e  Si  +  2  l^e 

Si  +  6  il,  with  34.4  l^e  and  21.5  f^e ;  but  some  I^e  replaced  by 

Oa  and  Sig. 
Gillingite  from  Gillinge  Grube,  Sweden,  I,  1  (Dana), — 3  if'e  Si  +  2 
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3^e  Si  +  9  fl,  nearly.     Thraulite  from  Bodenmais  is  included 

here  by  Dana ;  its  composition  is  nearly  £V  Si'  +  2  f^e  Si  +  10 

£[,  but  varies  somewhat. 
Melanolite  I,  1,— Bi,  ^1,  le,  ^e,  ISTa,  fl ;  3?e  =  23  per  cent;  ^q  =  25 

per  cent. ; 
Fayalite   {iron    chrysolite)   I,   2, — i'e*   Si,   (gelatinizes  with  acids; 

Dana) ; 
Ekmannite  II,  1,— Si,  J^e  (24  to  36  per  cent),  lln,  Mg,  (Al,  |5e) 

Dana; 
Jollyte  II-III  A,  IG,— Si,  Al,  :^e  (16.6  per  cent),  Slg,  fl ; 
Metachlorite  II,  IG,— Si,  Al,  i'e  (flg,  Oa,  £,  %a),  fl ; 
Stilpnomelane  I-II,  2,-3  R  Si  +  E  Si^  +  4  fi ;  fi  =  J^e  (Sig,  Ca)  ; 

E  =  l?e,  :^1; 
Xyhte  II,   2,— Si,   ^e,   Ca,  Mg,  Cu,  fi[,  with  37.8  ^e;  probably  a 

hydrous  asbestus  (Dana) ; 
Chloropal  III,  2, — probably  the  general  formula  l^e  'Si'  +  4|  II,  or 

(i'e',  3^e)  Si'  +  4^  II ;  Dana  includes  here  : 
Nontronite  III,  2,  with  30  to  37  iPe  and  a  little  J'e,  Al,  and  Sig ; 
Pinguite  II,  1,  with  30.6  "Bq  and  6.8  J^e,  also  a  little  Al,  ]VIg,  Mn;  and 
Gramenite,  which  is  similar,  but  has  more  Al  and  less  iron. 
Chalcodite  I,  1  (according  tt)  Brush,  identical  with  stilpnomelane' 

Dana),  with  20.4  le  and  16.4  Ve; 
Anthosiderite  II,  1,— ige^  Si"  +  2  fl,  with  35.7  fe; 
Almandite  (iron-almninagarnet)  I,  2, — 3  J'e  Si  +  AP  Si',  with  more 

or  less  Ca,  Sig,  Mn,  and  39.6  Fe ;  precious  gar?iet  from  various 

localities  with  25  to  32  i'e ;  broivn  and  re^^  gar7iet,  likewise  from 

various  localities,  with  23.5  to  33.9  S'e ; 
Melinite  {Gelberde,  pt,  yelloiv  ochre,  pt.)  Ill,  2, — (l^e,  Al)°  Si'  +  4  fl, 

with  36.8  per  cent.  ]^e;   accord,    Hausmann,  probably  kaolin 

colored  with  hydrated  sesquioxide  of  iron  ; 
Unghwarite  (chloropal)  Bi,  J'e  (20.8  per  cent.),  fl  and  a  little  Ca; 
Crocidolite,  vide  soda ; 
Knebelite,  vide  manganese ; 
Chlorophffiite  l,—Fe'  Si  +  6  fl  ?  (Dana),  with  26.7  l^e,  incl.  a  little 

%; 

Pyrosmalite  1, 1  (in  nitric  acid),— nearly  (^e,  Mn)*  Si'  +  2  fl ;  some 

i'e  rejDlaced  by  Fe  CI ; 
Green  Earth  {glauconite,  pt. ;  celadonite,  pt.)  I,  3,— Si,  I'e,  f'e,  Al, 

iig,  t.,  IsTa,  Ca,  fl ; 
Meteorites,  vide  potassa; 
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Lithomarge  (ferruginous),  vide  alumina. 

Iron  is  found  under  various  conditions  in  the  products  obtained 
by  smelting  ores : 

a.  Metallic  in 
Raiu  iron  and  steel,  in  combination  with  more  or  less  0  and  a  little 

S,  P,  Si,  Mn,  Al,  Ca,  Mg,  etc. ; 
Bears  {Eiseiisauen),  which  sometimes   form  in  the  shaft  furnaces 
when  smelting  iron,  copper,  tin,  and  lead  ores,  owing  either  to 
some  mistake  in  charging  or  to  other  causes,  and  which  usually 
consist  of  a  mixture  of  iron   (carburet,   siliciuret)   and  other 
metals,  but  very  frequently  contain  an  admixture  of  metallic 
sulphides  and  arsenides. 
Blach  copper  produced  on  the  large  scale,  containing  Cu  as  the 
chief  ingredient,  with  more  or  less  Pb,  Ni,  Co,  As,  Zn,  Mo,  Sb,  Ag, 
is  seldom  free  from  Fe. 

Finally,  a  little  iron  is  found  in  unrefined  tin,  lead,  and  zinc. 
h.  Combined  with  arsenic  in  the  various  speisses  produced  in 
smelting  lead,  silver,  and  copper  ores  containing  Fe,  Ni,  and  Co 
combined  with  As.  The  speisses  vary  greatly  in  composition,  but 
generally  consist  of  (Fe,  JSTi,  Co)*  As,  and  more  rarely  of  R'  As,  with 
very  variable  proportions  of  the  basic  metals  and  mixed,  or  com- 
bined, with  more  or  less  Fe,  Fe,  Pb,  Cu,  Sb,  Zn,  and  Ag. 

The  speiss  produced  in  smelting  roasted  auriferous  mispickel  is  a 
compound  of  Fe*  As  with  Fe.  The  cobalt  speiss  from  smalt  works 
consists  chiefly  of  (Ni,  Co)'  As,  more  rarely  of  (Ni,  Co)*  As,  with 
admixture  of  Bi ;  it  sometimes  also  contains  Fe"  As  and  Ag,  more 
rarely  Cu. 

c.  Combined  with  sulplmr  in  the  various  matt-like  products  from 
the  smelting  of  gold,  silver,  lead,  and  copper  ores,  viz.,  in  Eohstein 
— Fe"  Fe,  combined  with  more  or  less  Pb,  Cu,  Co,  Ni,  Zn,  Sb,  Ag, 
and  sometimes  mixed  with  (Fe,  Ni,  Co)*  As ; 

in  lead  matt, — (Fe,  Pb,  Cu)"  Fe,  combined  with  more  or  less  Co,  Ki, 
I      III      I 
Zn,  Sb,  Ag,  and  also  frequently  mixed  with  (Fe,  Ni,  Co)*  As ; 

in  copper  matt,  consisting  of  Cu,  Fe,  or  Ou,  Fe,  and  Fe  in  varying 
proportions,  or  combined  with  other  metallic  sulphides  and  arsen- 
ides, viz.,  Pb,  Zn,  Sb,  Ag,  and  (Ni,  Co)*  As. 
The  same  is  true  of  other  similar  products  (Leche,  etc.). 

Here  belong  also  the  scaffolding,  tiitty  or  cadmia,  formed  in  the 

I 
furnace  by  sublimation,  viz. :  Roliofeniruch,  consisting  chiefly  of  Zn, 

but  often  combined  with  more  or  less  Fe,  Pb,  and  small  quantities 
of  other  sulphides ', 
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Cadmia  from  lead  furnaces  [Bleiofenlnich),  the  chief  constituent 
being  Pb,  which,  however,  often  contains  other  sulphides,  Fe, 

I         in  I 

Zn,  ISb,  and  Kg. 

d.  As  protoxide  with  silica  in  the  various  slags. 

e.  As  proto-sesquioxide  in  hammer-scales,  forge-scales,  etc. 

f.  As  protoxide  with  sulphuric  acid  in  copperas  or  green  vitrioL 

Examination  for  Iron, 

Including  the  Uotopipe  characteristics  of  the  minerals  and  metallur- 
gical products  aiove  named. 

a.  Examination  for  iron  in  general. 

This  is  very  easy,  since  iron  in  combination  with  oxygen  imparts  a 
characteristic  color  to  borax  and  S.  Ph.  and  cannot  be  separated  from 
these  fluxes  in  the  metallic  state  by  the  blowpipe  flame  alone.  It  is 
only  necessary  to  consider  whether  the  substances  treated  are  com- 
pounds of  metals,  or  are  metallic  arsenides  or  sulphides,  or  finally 
metallic  oxides. 

If  they  are  alloys  consisting  only  of  difficultly  fusible  metals, 
^^°^^'  they  are  fused  beside  borax  on  coal  in  0.  F.,  until  the  glass  is 
sufficiently  colored  with  the  oxides  of  the  easily  oxidizable  metals. 
Should  lead,  tin,  bismuth,  antimony,  or  zinc,  be  present,  however, 
and  the.  compound  be  easily  fusible,  the  R.  F.  is  employed,  and  is 
directed  chiefly  upon  the  glass,  in  order  not  to  oxidize  and  dissolve 
too  much  of  these  metals.  In  both  cases  the  still  soft  glass  is  removed 
from  the  metallic  button  and  treated  in  E.  F.  on  another  spot,  when 
the  easily  reducible  metals  are  separated,  leaving  the  borax  colored 
bottle-green  by  proto-sesquioxide  of  iron,  provided  oxide  of  cobalt 
does  not  prevent  this  reaction.  If  the  compound  contained  tin,  or 
the  gi-een  glass  is  treated  for  a  moment  in  R.  F.  with  a  bit  of  tin  on 
a  fresh  spot  of  the  coal,  all  the  iron  is  reduced  to  protoxide  and 
appears  pure  vitriol-green. 

Should  it,  however,  appear  blue,  protoxide  of  cobalt  is  present, 
■which  conceals  the  iron  color.  In  this  case  the  glass  must  be  again 
softened  in  the  R.  F.,  mostly  removed  from  the  coal  without  any 
adhering  metal,  and  fused  on  platinum  wire  in  a  pure  0.  F.  In  case 
it  should  then  become  so  dark  as  to  be  nearly  opaque,  the  soft  glass 
is  pinched  out,  some  of  it  broken  off  upon  the  anvil,  and  the 
remainder  diluted  with  more  borax.  It  is  then  again  treated  in  the 
0.  F.  until  all  the  iron  is  changed  to  sesquioxide,  when  it  will  color 
the  borax  yellow  to  brownish-red,  according  to  the  amount  present. 
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aould  there  be,  besides  the  cobalt,  only  a  trace  of  iron,  the  hot  glass 
ill  be  green,  but  when  cold  pure  blue. 
,  A  larger  amount  of  iron  colors  the  hot  glass  dark  green  and  the 
jLiold  glass  fine  green,  since  the  sesquioxide,  if  not  in  excess,  imparts 
/a  yellow  color  to  the  cold  borax  glass,  and  this  with  the  blue  of  the 
cobalt  produces  green. 
/      The  metals  remaining  after  the  treatment  of  the  compound  with 
/  borax  in  the  E.  F.  may  sometimes  consist  almost  entirely  of  copper 
/    and  nickel,  since  the  volatile  metals  are  mostly  driven  off  and  coat 
'     the  coal  with  oxides,  and  they  may  be  easily  recognized  by  further 
treatment  with  borax  or  S.  Ph.,  as  will  be  directed  under  the  exam- 
inations for  the  respective  metals.     If  quite  infusible  compounds  are 
to  be  treated,  in  which,  besides  iron  and  some  of  the  above  metalS; 
nickel  is  also  present,  the  safest  way  is  to  dissolve  a  little  of  the 
substance  in  nitric  acid  and  continue  the  process  as  will  be  described 
under  native  iron.  ji,t^„i,  ^„,p,i^^3 

Compounds  of  metallic  sulphides  and  arsenides  may  ^"^^  arsenides.. 
be  examined  for  iron  in  two  ways.  In  the  first  the  assay  is  roasted 
on  coal,  p.  77,  and  then  small  portions  of  it  are  gradually  dissolved 
in  borax  on  platinum  wire  in  the  0.  F.  and  the  color  of  the  glass 
examined,  both  when  hot  and  cold.  With  many  such  compounds, 
containing  only  metals  which  do  not  color  very  intensely  when 
oxidized,  the  iron  is  immediately  obtained ;  Avith  many  others, 
however,  as  when  they  contain  copper,  for  instance,  a  green  color  is 
obtained,  which  becomes  lighter  on  cooling,  and  results  from  the 
yellow^  of  the  sesquioxide  of  iron  and  the  blue  of  the  oxide  of  copper. 
In  this  case  the  glass  must  be  shaken  off,  p.  79,  and  treated  on  coal 
in  the  E.  F.,  until  all  the  copper  is  reduced  out  and  the  bottle-green 
color  of  the  proto-sesquioxide  of  iron  is  obtained.  After  pinching 
out  this  glass,  a  bit  of  it  may  again  be  treated  with  the  0.  F.  on 
platinum  wire  and  the  iron  recognized  by  the  yellow  color. 

The  second  method  consists  in  pulverizing  the  substance,  mixing 
it  with  test-lead  and  borax  and  fusing  it  on  coal  in  the  E.  F.,  until 
the  glass  is  colored  by  the  easily  oxidizable,  non-volatile  metals 
present.  At  first  the  whole  is  covered  with  the  R.  F.,  but  as  soon  as 
the  borax  has  united  to  one  globule,  the  flame  is  directed  upon  this 
alone,  allowing  the  air  free  access  to  the  fusing  metal.  After  com- 
pleting the  fusion  the  glass  is  quickly  raised  with  the  forceps  from 
the  fluid  lead  and,  after  being  treated  alone  on  coal  in  the  E.  F.  to 
reduce  any  trifling  oxide  of  lead  in  it,  is  tested  on  platinum  wire  in 
the  0.  F.  Should  it  appear  too  dark  it  is  diluted  with  borax  until 
it  is  transparent.     After  separating  the  lead  by  means  of  boracic 
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acid,  vide  copper,  the  otlier  metals  combined  with  it  can  easily  '^e 
recognized  by  the  glass  fluxes. 

Compounds  which  fuse  easily  alone  on  coal  can  be  treated  in  th& 
E.  F.  with  borax,  omitting  the  test-lead.    Thus,  for  example,  a  verj) 
trifling  amount  of  iron  can  be  found  in  many  galenas,  especially  if  \ 
the  glass  is  further  treated  with  tin.     Should  the  glass  not  show  a  \ 
vitriol-green  color,  but  be  blue,  it  is  treated  as  described  above  under  ', 

Compounds  of  t^^^OyS'  ^        \ 

oxides,  etc.  jj^  compounds  of  oxides  of  iron  with  other  metallic  \ 
oxides,  or  with  earths  and  acids,  the  iron  is  likewise  best  found  by 
fusing  the  substance  with  borax  or  S.  Ph.  To  determine  whether 
the  iron  is  present  as  sesquioxide  or  protoxide,  the  assay  is  added  to 
a  borax  bead  containing  oxide  of  copper.  In  case  of  sesquioxide  the 
bead  becomes  bluish-green ;  with  protoxide,  red  spots  of  suboxide  of 
copper  become  distinctly  visible  in  it.  (Chapman ;  Erdmann's 
Journal  fur  pract.  Chem,  vol.  xlvi.  p.  119.) 

Compounds  of  metallic  oxides  not  suspected  of  containing  oxides 
of  copper,  nickel,  chromium,  or  uranium,  are  dissolved  in  borax  on 
platinum  wire  with  the  0.  F.,  and  the  colored  bead  held  against  the 
daylight  and  watched  until  it  has  so  far  cooled  that  its  color  remains 
unchanged.  The  bead  requires  no  further  treatment  if  it  shows 
only  iron,  or  the  color  of  iron  and  cobalt  together,  as  described 
before;  should.it,  however,  show  some  other  color,  as  possibly  violet 
with  much  red,  it  must  be  treated  some  time  in  the  R  F.,  which 
causes  the  violet  color,  resulting  from  manganese,  to  disappear,  and 
leaves  the  bottle-green  iron  color.  When  much  manganese  is  present 
the  bead  from  the  0.  F.  appears  quite  dark-red  while  hot,  and  red, 
inclining  to  violet  on  cooling,  in  which  case  all  the  manganese  can- 
not be  reduced  to  protoxide  on  the  wire,  but  the  glass  must  be  shaken 
ofi"  and  treated  on  coal  with  tin  ;  the  manganese  -color  then  disap- 
pears and  the  vitriol-green  of  protoxide  of  iron  becomes  evident, 
provided  no  protoxide  of  cobalt  is  present.  In  case  the  manganese 
predominates  a  little  iron  may  also  easily  be  found  by  means  of 
S.  Ph.,  which  is  not  colored  very  intensely  by  manganese,  and  readily 
becomes  colorless  in  the  E.  F.,  while  the  color  of  the  dissolved  oxide 
of  iron  remains  after  treating  the  glass  in  the  E.  F. ;  the  glass  usually 
appears  reddish  on  cooling,  p.  103. 

When  a  substance  contains  protoxide  of  cobalt,  in  addition  to  the 
oxides  of  iron  and  manganese,  the  glass  obtained  with  borax  on 
platinum  wire  in  the  0.  F.  is  colored  more  or  less  dark  violet,  and 
after  a  short  treatment  in  the  E.  F.  becomes  green,  and  on  cooling  blue. 

In  a  compound  containing  much  oxide  of  manganese  and  cobalt 
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with  little  oxide  of  iron,  the  latter  may  be  readily  found  by  dissolving 
the  substance  in  hydrochloric  acid  and  precipitating  the  sesquioxide 
of  iron  by  means  of  ammonia  from  the  diluted  solution,  or  if  the 
substance  is  not  perfectly  soluble,  it  is  fused  with  bisulphate  of 
potassa,  the  mass  dissolved  in  water,  a  few  drops  of  hydrochloric 
acid  added  and  then  a  slight  excess  of  ammonia.  The  precipitated 
oxide  of  iron,  although  not  quite  free  from  manganese,  is  filtered  out 
and  tested  with  borax  or  S.  Ph.  on  platinum  wire. 

When  in  addition  to  oxide  of  iron  the  oxides  of  copper  and  nickel 
are  present,  it  is  better  to  dissolve  the  substance  on  coal  in  borax 
with  the  0.  F.  and  then  treat  it  with  the  E.  F.;  copper  and  nickel 
are  separated  as  metals  and  the  iron  color  alone  remains.  It  is  well 
to  add  a  bit  of  lead,  which  furthers  the  separation  of  the  metals; 
the  glass  can  afterwards  be  pinched  out  and  treated  on  platinum 
wire  in  the  0.  F.,  to  obtain  the  pure  color  of  sesquioxide  of  iron. 

Should  the  presence  of  cobalt  render  the  glass  blue,  it  must,  in 
fact,  be  oxidized  on  the  wire,  as  above  directed.  To  discover  the 
.copper  the  substance  is  dissolved  in  S.  Ph.  and  the  glass  treated  with 
tin  on  coal,  when  it  becomes  opaque  and  red. 

When  oxide  of  chromium  is  present  with  oxide  of  iron  the  color 
of  the  hot  borax  glass  shows  iron,  but  on  cooling  only  chromium. 
Since,  however,  borax  glass  saturated  with  sesquioxide  of  chromium 
after  treatment  in  the  0.  F.  likewise  has,  while  still  hot,  a  dark-red 
color,  the  presence  of  iron  cannot  with  certainty  be  assumed.  In 
such  cases  the  substance  is  mixed  with  three  parts  of  nitre  and  one  of 
soda,  and  fused  by  degrees  on  platinum  wire,  the  resulting  chromate 
of  the  alkali  dissolved  in  water,  and  the  residue,  after  being  washed 
with  water,  dissolved  in  borax  on  platinum  Avire.  The  iron  color  is 
then  obtained,  if  all  the  sesquioxide  of  chromium  has  been  sep- 
arated and  no  other  coloring  metallic  oxides  are  present.  The  iron 
may  also  be  reduced  with  soda  on  coal  and  obtained  as  metal  after 
washing  away  the  portions  not  reduced. 

When  uranium  is  present  with  iron,  the  borax,  indeed,  shows  the 
iron  color ;  this,  however,  is  not  produced  by  the  iron  alone,  but  also  by 
the  similarly  coloring  uranium.  To  obtain  the  pure  iron  color  the 
substance,  if  not  completely  soluble  in  acids,  must  be  fused  with 
bisulphate  of  potassa,  the  mass  dissolved  in  water,  and  then  an  excess 
of  carbonate  of  ammonia  in  solution  added.  The  sesquioxide  of 
uranium,  which  is  at  first  thrown  down  with  the  sesquioxide  of  iron, 
dissolves  again,  so  that  the  iron  may  be  separated  by  filtration  and 
tested  with  borax,  after  being  washed.  By  boiling  the  ammoniacal 
filtrate  the   sesquioxide   of  uranium  is  thro'^wi  down  as  a  yellow 
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powder,  and  may  likewise  easily  be  recognized  by  testing  it  B.  B. 
with  S!  Ph.  An  easier  method  of  precipitating  the  uranium  consists 
in  slightly  acidifying  the  solution  with  hydrochloric  acid  and  then 
adding  potassa. 

Finally,  when  oxides  of  tungsten  or  titanium  are  present  with  the 
iron,  only  yellow  iron  beads  are  obtained  with  borax  and  S.  Ph.  in 
the  0.  F.,  because  when  combined  with  a  maximum  of  oxygen  the 
other  metals  (tungstic  and  titanic  acids)  only  produce  a  feeble 
yellow ;  in  the  E.  F.,  on  the  other  hand,  the  S.  Ph.  glass  assumes  a 
very  different  color,  especially  on  cooling,  it  becomes  darker  or  lighter 
brownish-red,  p.  110. 

i.  Blowpipe  characteristics  of  the  minerals  contai^iing  iroji 

enumerated  alove. 

[By  carefully  perusing  the  immediately  preceding  pages  the  reader 
will  be  enabled  to  understand  the  reactions  now  to  be  given,  without 
rendering  it  necessary  to  give  the  minute  descriptions  of  the  German 
work.  To  facilitate  this,  reference  has  been  made  to  the  pages  when 
necessary,  and  nothing  of  importance  has  been  omitted. — Trans.] 

Native  iron  and  meteoric  iron  are  infusible  before  the  blowpipe. 
The  glasses  obtained  with  borax  or  S.  Ph.  on  coal  in  the  E.  F.  show 
only  iron,  and  the  bottle-green  glass  re-fused  on  platinum  wire  also 
shows  iron  alone.  After  dissolving  the  iron  in  nitric  acid,  diluting 
and  then  precipitating  the  sesquioxide  of  iron  with  excess  of  am- 
monia, nickel,  cobalt,  manganese,  and  copper  can  be  thrown  down  by 
sulphide  of  ammonium  from  the  ammoniacal  solution,  which  contains 
the  greater  part  of  these  metals  present,  and  after  settling  they  can 
be  filtered  out  and  recognized  by  means  of  borax;  vide  general 
examination  for  metallic  sulphides,  under  cobalt. 

COMPOFKDS   OF   IROIS'   WITH   AESEKIC   AND   SULPHUR. 

Leucopyrite  {arsenical  iron,  pt.)  yields  in  the  closed  tube  metallic 
arsenic.  Carefully  heated  in  the  open  tube  much  arsenous  acid  is 
sublimed,  and  with  moistened  litmus-paper  sulphurous  acid  can  be 
detected.  On  coal  copious  arsenical  fumes  are  evolved  and  in  ohe 
E.  F.  a  magnetic  globule  remains.  Eoasted  and  treated  with  the 
fluxes  it  reacts  only  for  iron.  By  treating  the  variety  from  Schlad- 
ming  on  coal  with  borax,  after  being  first  fused  alone,  as  will  be 
directed  under  nickel  for  substances  containing  various  metallic 
arsenides,  some  nickel  and  cobalt  are  found. 

Mispichel  {arsenoPyrite,  arsenical  2}yritrs)  yields  at  first  in  the 
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closed  tube  a  red  sublimate  of  sulphide  of  arsenic,  but  later  a  black, 
crystalline  sublimate  of  arsenic,  having  a  metallic  lustre;  in  the 
open  tube  gives  off  arsenous  and  sulphurous  acids.  Too  strong  a 
heat  is  apt  to  produce  sublimates  of  suboxide  of  arsenic  and  metallic 
arsenic,  p.  62. 

On  coal,  at  first  yields  copious  arsenic  fumes  and  a  coat  of  arsenous 
acid,  then  fuses,  especially  in  the  R.  F.,  to  a  globule,  which  reacts 
like  pyrrhotite,  q,  v. 

In  the  roasted  mineral  any  cobalt  present  is  readily  detected  with 
borax,  p.  222.  Danaite  behaves  like  arsenopyrite,  but  reacts  strongly 
for  Co  when  roasted. 

COMPOUN"DS  OF  IRON  WITH  SULPHUR. 

Pyrrliotite  strongly  heated  in  the  closed  tube  yields  a  little 
sulphur ;  in  the  open  tube  only  sulphurous  acid.  Fuses  in  E.  F.  on 
coal  to  a  button,  covered  with  an  uneven  black  mass  on  cooling, 
magnetic  and  showing  a  yellowish,  crystalline,  metallic  fracture.  It 
is  converted  into  red  oxide  by  roasting  and  reacts  with  fluxes  for 
iron  only.  Should  it  contain  but  little  nickel  this  is  best  found  by 
treating  the  roasted  assay  with  gold  and  borax  in  E.  F.  on  coal, 
vide  nickel. 

Pyrite  in  the  closed  tube  generally  evolves  an  odor  of  sulphuretted 
hydrogen  and  gives  a  sulphur  sublimate.  If  it  contains  arsenic  a 
sublimate  of  sulphide  of  arsenic  forms  later,  which  appears  darker 
or  lighter,  according  to  the  amount  of  arsenic.  The  well-ignited 
residue  is  metallic  and  porous,  and  reacts  like  pyrrhotite.  On  coal 
the  sulphur  burns  with  a  blue  flame  and  the  residue  reacts  like 
pyrrhotite. 

Marcasite  behaves  like  pyrite,  but  yields  sulphur  at  a  lower  heat, 
and  moisture  is  frequently  perceptible. 

LonchidUe  from  the  Churprinz  mine,  Freiberg,  yields  at  first  a 
sublimate  of  sulphur,  in  the  closed  tube,  then  a  little  sulphide  of 
arsenic,  which  is  reddish-yellow  on  cooling ;  in  the  open  tube  sul- 
phurous and  arsenous  acids,  at  a  high  temperature  sulphide  of  arsenic. 

On  coal  in  the  E.  F.  sulphur  and  arsenic  volatilize  and  an  arsenic 
coat  is  formed;  the  assay  then  fuses  quietly  to  a  ma^ietic  globule 
and  a  feeble  lead  coat  is  produced. 

The  roasted  mineral  dissolved  in  borax  shows  iron,  cobalt,  and 
copper  with  the  fluxes.  By  a  reduction  assay  with  a  gold  button, 
which  is  afterwards  treated  with  S.  Ph.,  a  little  copper  and  cobalt  can 
also  be  found. 
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Kyrosite  from  the  Briccinsstolln,  near  Annaberg,  reacts  like  lon- 
chidite  in  the  closed  tube  and  the  open  tube. 

On  coal  the  sulphur  burns  and  the  miiieral  fuses  to  a  magnetic 
globule  without  producing  a  noticeable  coat  of  arsenous  acid.  The 
roasted  powder  is  reddish-brown  and  treated  with  borax  shows  iron 
and  copper,  p.  227.  Tlie  same  metals  are  detected  by  means  of 
S.  Ph.  By  a  reduction  assay  with  soda  on  coal  metallic  iron  with 
an  admixture  of  copper  particles  is  produced. 

OXIDES   OF   IKOX   AKD   HYDEATED   SESQUIOXIDES. 

The  oxides,  viz. :  magnetite,  ochreous  magnetite,  specular  iron  and 
hematite,  behave  in  general  like  sesquioxide  of  iron,  p,  103.  Trifling 
admixtures  of  other  metallic  oxides,  viz.,  of  chromium,  manganese, 
copper,  etc.,  may  be  either  found  at  the  same  time  by  treating  the 
respective  oxides  with  glass  fluxes,  or  by  special  assays,  as  directed 
in  the  corresponding  passages. 

The  hydrates  of  sesquioxide  of  iron,  viz.,  turgite,  limonite,  gotliite, 
ccanthosiderite,  etc.,  ^ith  day-ironstone,  bog  ore,  and  ocA re,  yield  water 
in  the  matrass  and  change  to  sesquioxide,  the  red  color  of  which 
depends  on  the  purity  of  the  assay-piece.  They  fuse  more  or  less 
easily  on  the  edges  in  the  forceps,  particularly  in  the  blue  flame, 
while  such  as  contain  phosphoric  acid  tinge  the  outer  flame  bluish- 
green,  this  being  observed  with  most  certainty  after  moistening  them 
with  sulphuric  acid.  With  borax  and  S.  Ph.  they  all  react  for  iron 
and  sometimes  for  copper  and  cobalt.  Clay-ironstone  leaves  a  silica 
skeleton  with  S.  Ph.  A  manganese  reaction  is  obtained  from  nearly 
all  of  them,  when  fused  with  soda  and  nitre  on  platinum  foil. 

SESQUIOXIDE   OF   IKON   COMBINED   WITH   OTHER   OXIDES. 

Magnesioferrite  behaves  like  hematite  (Dana). 

Chromite. — B.  B.  in  0.  F.  is  infusible,  in  E.  F.  can  sometimes  be 
rounded  on  the  edges,  and  is  then  magnetic.  Dissolves  slowly  in 
borax  and  S.  Ph.  to  a  clear  glass,  showing  iron  while  hot,  but 
becoming  chrome-green  on  cooling;  the  green  is  purer  when  the 
glass  is  treated  in  R.  F.  with  tin  on  coal.  It  is  not  attacked  by  soda, 
nor  can  a  manganese  reaction  be  obtained  on  platinum ;  but  if  some 
nitre  is  added  the  fused  mass  appears  yellow  from  the  formation  of 
clirx)mates  of  the  alkalies.  By  a  reduction  assay  metallic  iron  is 
obtained. 

OXIDES   OF   lEOK   COMBINED   WITH    ACIDS. 

The  sulphates  of  iron,  viz.,  melanterite  or  green  vitriol,  lotryogeuy 
glocherite,  ajmtelite,  cojnapite,  jarosite,  coquimhite,  etc.,  yield  more  or 
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less  water  in  the  matrass,  which  with  a  strong  heat  takes  up  some 
of  the  acid  escaping  from  tlie  assay  and  then  has  an  acid  reaction  on 
litmus-paper.  The  salts  containing  protoxide  of  iron  at  first  yield 
only  sulphurous  acid.  On  coal  in  0.  F.  they  yield  their  acid  and  are 
converted  into  sesquioxide.  The  other  characteristic  ingredients,  as 
cojaper  in  pisanite,  zinc  in  roemerite,  and  the  alkalies  in  gelbeiaenerz 
and  jarosite,  may  be  found  by  the  tests  described  under  the  respec- 
tive substances.     With  soda  they  all  give  the  sulphur  reaction. 

Halotricliite  fuses  in  the  matrass  in  its  water  of  crystallization, 
swells  up  and  yields  much  water.  The  residue  heated  to  redness 
yields  sulphurous  acid  and  turns  brown. 

With  the  fluxes  it  shows  iron,  and  with  soda  a  sulphur  reaction. 
If  it  is  dissolved  in  water  and  the  protoxide  converted  into  sesqui- 
oxide of  iron  by  boiling  Avith  a  little  nitric  acid,  a  precipitate  of 
alumina  and  sesquioxide  of  iron  is  obtained  by  adding  ammonia, 
and  these  may  then  be  separated  by  means  of  potassa,  vide  alumina, 
p.  177. 

Pissophmiite  in  the  matrass  yields  water,  which  has,  according  to 
Erdmann,  an  acid  reaction.  The  dry  mass  heated  to  redness  yields 
acid  vapors  and  becomes  brownish-yellow  on  cooling.  With  the 
fluxes,  shows  iron ;  with  soda  on  coal,  gives  an  infusible,  hepatic  mass. 
Cobalt  solution  only  produces  a  distinct  blue  when  the  amount  of 
iron  is  not  too  important.  If  the  alumina  cannot  thus  be  found  it 
may  be  detected  by  dissolving  the  powdered  mineral  in  hydrochloric 
acid  and  proceeding  according  to  p.  112. 

The  phosphates  of  iron  dufrenite,  vivianite,  and  delvauxite,  yield 
in  the  matrass  water,  which  has  not  an  acid  reaction.  In  the  forceps 
they  swell  and  fuse  in  the  blue  flame  to  a  steel-gray,  metallic  globule, 
producing  a  bluish-green,  phosphoric  acid  flame. 

With  the  fluxes  they  show  iron,  and  by  a  reduction  assay  with 
soda,  or  neutral  oxalate  of  potassa,  on  coal  magnetic  iron  buttons 
are  obtained. 

Pseudotriplite  behaves  similarly,  but  shows  a  manganese  reaction 
with  soda. 

In  alluaudite  the  soda  conceals  the  phosphoric  acid  flame,  so  that 
the  latter  must  be  shown  in  some  other  way,  vide  phosphoric  acid. 

As  regards  calcioferrite,  it  is  only  known  that  it  yields  water  and 
fuses  very  easily  to  a  black,  lustrous,  magnetic  globule. 

Diadocliite  vields  much  water  in  the  matrass,  increases  in  volume, 
and  changes  from  brownish-red  to  yellow,  losing  its  lustre  and 
becoming  opaque.  Heated  to  redness  it  evolves  sulphurous  acid.  In 
the  forceps  it  expands  very  much  and  crumbles  almost  to  poAvder. 
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A  fragment  ignited  in  the  matrass  fuses  in  the  foi  ceps  "with  intu- 
mescence to  a  globule  and  colors  the  flame  bluish-gieen  (phosphoric 
acid).  On  coal  it  iutumesces  very  strongly  and  then  fuses  to  a 
globule,  which  glows  while  cooling.  The  cold  globule  is  steel-gray 
and  magnetic.  With  soda,  nearly  all  goes  into  the  coal ;  the  fused 
mass  yields  a  strong  sulphur  reaction,  and  by  washing,  magnetic, 
metallic  particles  are  obtained.     With  the  fluxes,  shows  iron. 

Cacoxenite  yields  water,  the  latter  portions  of  which  have  an  acid 
reaction  on  Brazil-wood  paper ;  the  liberated  hydrofluoric  acid  attacks 
the  glass,  and  rings  of  silica  are  seen  after  driving*  the  water  from 
the  matrass.  B.  B.,  it  fuses  on  the  edges  to  a  black,  metallic  slag,  and 
gives  a  distinct  phosj)horic  acid  flame.  Dissolves  easily  in  borax  and 
S.  Ph.,  showing  iron.  With  soda  it  at  first  fuses  with  efl'ervescence, 
but  afterwards  the  phosj)hate  of  soda  sinks  into  the  coal,  leaving  a 
black,  infusible  mass.  It  dissolves  in  hydrochloric  acid  and  leaves 
only  a  very  slight  amount  of  silica. 

If  the  mineral  is  treated  as  directed  for  lazulite,  p.  164,  the  oxide 
of  iron,  alumina,  lime,  and  silica  can  be  found. 

Childre7iite  yields  much  water.  B.  B.,  swells  and  ramifies,  giving 
a  distinctly  bluish-green  flame  and  forming  a  fissured,  partly  black 
and  partly  brownish-red  mass,  rounded  on  the  edges.  With  the 
fluxes,  shows  iron  and  manganese  (Rammelsberg). 

The  carbonate  of  iron,  siderite,  spaiMciron,  sometimes  decrepitates 
in  the  matrass,  gives  ofi"  carbonic  acid  and  oxide,  blackens  and  is  con- 
verted into  magnetic  oxide.  With  the  fluxes,  like  sesquioxide  of  iron. 
Soda  sometimes  produces  a  manganese  reaction.  Any  lime  or  mag- 
nesia that  may  replace  some  of  the  iron  can  only  be  found  in  the 
wet  way,  vide  carbonates,  under  magnesia,  p.  165. 

Hwnxboldtine  yields  water  and  blackens  in  the  matrass.  On  coal 
it  blackens,  but  in  0.  F.  soon  becomes  red.  With  the  fluxes,  shows 
iron. 

The  arsenites  of  iron,  including  arseniosiderite,  pharmacosiderite, 
and  scorodite,  yield  neutral  water  in  the  matrass.  B.  B.,  in  the  blue 
flame  fuse  to  a  gray  slag,  with  a  metallic  lustre,  and  color  the  outer 
flame  light  blue. 

On  coal,  give  off  arsenical  fumes  and  fuse  in  R.  F.  to  a  gray, 
metallic,  magnetic  slag,  which  gives  the  iron  reactions  with  the  fluxes. 

Pitticite  yields  water  and  at  a  high  temperature  sulphurous  acid. 
In  the  forceps  and  on  coal,  like  scorodite.  With  soda,  yields  arsenical 
fumes  and  sinks  mostly  into  the  coal,  giving  a  strong  sulphur  reaction 
on  silver. 

Carminite  fuses  on  coal  with  evolution  of  arsenical  fumes  to  a 
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gray  slag,  and  at  the  same  time  a  lead  coat  is  formed,  or  may 
certain]/ be  obtained  with  the  addition  of  soda.  "With  the  fluxes 
the  iron  reactions  are  produced. 

Symplesite  from  Lobenstein  heated  to  100°  C. is  unchanged;  above 
this  heat  it  yields  water  (24.6  per  cent.)  and  becomes  brown  ;  at  a 
red  heat  a  notable  amount  of  arsenous  acid  is  evolved,  and  a  moist- 
ened slip  of  litmus-paper  introduced  into  the  neck  of  the  matrass  is 
feebly  reddened. 

B.  B.,  it  is  infusible  iu  0.  F. ;  touched  with  the  tip  of  the  blue 
flame  it  fuses  oh  the  edges  and  colors  the  outer  flame  light  blue.  On 
coal  in  E.  F.  gives  a  strong  arsenic  odor  and  blackens,  but  fuses  only 
on  the  edges  and  then  is  magnetic.  After  ignition  in  the  matrass  or 
on  coal  a  fragment  dissolves  in  the  glass  fluxes,  showing  iron,  but  in 
borax  a  good  0.  F.  affords  a  somewhat  brownish-yellow  glass.  If 
enough  is  dissolved  on  coal  to  make  the  borax  glass  quite  opaque, 
subsequent  reduction  will  produce  fusible  globules  of  a  metallic 
arsenide,  which  may  be  collected  by  means  of  a  gold  button  and 
tested  in  0.  F.  for  nickel  with  S.  Ph.,  vide  nickel. 

With  soda  on  coal,  gives  a  strong  arsenical  odor  and  the  absorbed 
mass  reacts  feebly  for  sulphur.  With  soda  and  nitre,  a  slight  man- 
ganese reaction. 

Bendantite  yields  water.  B.  B.,*  alone,  the  Cork  crystals  are 
infusible,  but  yield  on  charcoal  fumes  of  sulphurous  acid  and  afibrd 
a  yellow  slag,  and  with  soda  a  kernel  of  lead ;  the  Dernbach  fuse 
easily  on  charcoal  with  intumescence  to  a  globule  of  lead,  mixed 
with  a  black  hepatic  slag ;  the  Horhausen  fuse  easily,  affording  a 
gray  slaggy  globule,  and  after  long  blowing  the  odor  of  arsenic  (Dana). 

COMPOUNDS   OF   PROTOXIDES   OF   IRON   AND    MANGANESE   WITH 

TUNGSTIC   ACID. 

Wolframite  sometimes  decrepitates  in  the  matrass  and  often  yields 
traces  of  water.  In  the  forceps  and  on  coal,  fuses  with  difficulty  to 
a  globule,  the  surface  of  which  consists  of  accumulated  lamellar, 
iron-gray  crystals,  having  a  metallic  lustre.  It  is  thus  distinguished 
from  titanic  iron,  which  is  infusible  in  the  0.  F. 

Dissolves  rather  easily  in  borax  in  0.  F.  to  a  clear  glass,  in  which 
the  iron  or  manganese  reaction  predominates,  according  to  the  com- 
position of  the  specimen,  so  that  with  a  certain  addition  the  varieties 
poor  in  iron  can  be  distinguished  from  the  richer  ones ;  in  the  former 
the  glass  is  rather  reddish-yellow  on  cooling.  In  E.  F.  only  the  iron 
reaction. 
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With  S.  Ph.  in  0.  F.  shows  only  iron  and  manganese,  biit  in  R.  P. 
becomes  dark  red  and  opaque,  even  with  a  moderate  addition  of  the 
mineral.  By  treating  the  not  too  highly  saturated  glass  on  coal 
with  tin  in  the  R.  F.  for  a  very  short  time,  it  becomes  green  on 
cooling,  but  by  then  employing  a  good  E.  F.  the  green  color  disap- 
pears, leaving  a  pale  reddish-yellow,  which  remains  unchanged. 
With  soda  and  nitre  it  gives  a  strong  manganese  reaction.  For  the 
detection  of  the  tungstic  acid,  vide  tungsten. 

COMPOUND   OF   PROTOXIDE    OP   IROiT,    ETC.,   WITH  TITAN'IC    ACID. 

Menaccanite  {titanic  iron).  Infusible  in  0.  F.,  but  can  be  some- 
what rounded  on  the  edges  in  R.  F.  With  borax  and  S.  Pii,  in  0.  F. 
like  sesquioxide  of  iron,  but  the  S.  Ph.  bead  treated  a  while  in  R.  F. 
assumes  on  cooling  a  more  or  less  intense  brownish-red  color ;  by  the 
depth  of  the  red  the  relative  amount  of  titanium  can  be  estimated. 
On  coal  with  tin  this  glass  becomes  violet-red,  unless  too  little 
titanium  is  present.  By  fusion  with  bisulphate  of  potassa  the  mineral 
is  decomposed,  vide  titanium.  With  soda  and  nitre  it  frequently  gives 
a  feeble  manganese  reaction. 

Parathorite  behaves,  according  to  Dana,  as  follows: — 
In  the  matrass  decrepitates  slightly.  B.  B.  glows,  fuses  with 
difficulty  on  the  edges,  and  becomes  paler.  In  borax  shows  iron 
while  hot,  and  is  colorless  on  cooling.  With  S.  Ph.  in  0.  F.  a  bead, 
yellow  while  hot,  colorless  on  cooling.  In  R.  F.  this  bead  assumes  a 
delicate  violet  color  (Ti  0''  ?) ;  Brush. 

COMPOU]SrDS   OF   PROTOXIDE   OF   IRON",   ETC.,    WITH   TAIfTALIC    ACID. 

Tantalite  from  Tammela,  Kimito,  and  Finbo,  free  from  tungstic 
acid,  behaves  as  follows : — B.  B.  on  coal  and  in  the  forceps  it  is 
infusible.  Dissolves  slowly  in  borax  to  a  glass  colored  by  iron, 
which  at  a  certain  saturation  becomes  grayish-white  by  flaming, 
especially  after  previous  treatment  in  R.  F.,  owing  to  the  tantalic 
acid.  When  fully  saturated  it  becomes  cloudy  of  itself  on  cooling. 
In  S.  Ph.  dissolves  also  slowly  to  a  bead  colored  with  iron,  which 
treated  in  R.  F.  becomes  pale  yellow  on  cooling,  but  not  red, 
showing  that  no  tungstic  acid  is  present.  With  coal  on  tin  the  glasa 
becomes  green. 

With  soda  and  nitre  manganese  is  detected,  and  by  a  reduction 
assay  with  soda  and  a  little  borax,  the  latter  serving  to  dissolve  the 
tantalic  acid  compound  and  prevent  the  reduction  of  the  iron,  some 
tin  can  be  obtained.      If  further  evidence  of  the  tantalic  acid  is 
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desired  it  may  be  obtained  by  proceeding  as  directed  under  tan- 
talum. 

Tantalite  from  Broddbo,  containing  tungstic  acid,  behaves  like  the 
above,  except  that  the  S.  Ph.  bead  treated  in  K.  F.  becomes  dark-red 
on  cooling,  and  retains  this  color  when  treated  with  tin  on  coal. 
Also  gives  a  strong  manganese  reaction. 

Tantalite  from  Kimito,  having  a  cinnamon-brown  powder,  behaves, 
according  to  Berzelius,  like  a  tantalite  free  from  tungstic  acid  and 
containing  manganese  and  some  tin. 

Tapioliie. — B.  B.  like  tantalite,  but  no  manganese  reaction  (Dana). 

COMPOUND   OF  PROTOXIDE   OF  IRON,   ETC.,   WITH  HTPONIOBIC 

ACID.* 

Columhite  is  infusible.  Dissolves  easily  in  borax  to  a  bead, 
colored  by  iron,  which  can  only  be  made  opaque  by  flaming  after 
strong  saturation,  and  especially  when  first  treated  in  R.  F. 

With  S.  Ph.  like  tantalite  free  from  tungstic  acid. 

With  soda  and  nitre  it  shows  manganese,  and  by  reduction  on  coal 
with  borax  and  soda  traces  of  tin  are  obtained,  which  with  S.  Ph.  on 
coal  frequently  react  for  copper. 

The  manner  of  detecting  hyponiobic  acid  will  be  given  under 
niobium. 

SILICATES. 

Most  of  the  silicates  enumerated  on  p.  219  et  seq.,  yield  more  or 
less  water  in  the  matrass.  Pyrosmalite  at  a  high  temperature  also 
gives  off  yellow  sesquichloride  of  iron,  which  dissolves  in  the  latter 
portions  of  water,  and  causes  an  acid  reaction  on  litmus-paper ;  a 
suffocating  odor  is  also  perceptible  at  the  mouth  of  the  matrass. 

Their  relative  fusibility  is  indicated  by  the  affixed  numbers. 
Generally,  if  the  blue  flame  has  been  used,  the  fused  assay  is  mag- 
netic. Some  of  them  dissolve  easily  in  borax,  others  with  difficulty, 
and  anthosiderite  only  very  imperfectly,  even  in  powder.  The  glass 
usually  shows  only  iron;  with  S.  Ph.  they  behave  similarly,  but 
those  which  have  perfectly  soluble  bases  leave  a  skeleton  of  silica. 

With  a  little  soda  they  fuse  mostly  to  a  bead,  but  with  more  those 
that  have  a  low  ratio  of  silica  fuse  to  a  slag-like  mass. 

Several  yield  a  manganese  reaction  with  soda  and  nitre.  To  detect 
the  earthy  constituents  in  certain  of  these  silicates,  the  method 
described  under  lime,  p.  155,  is  to  be  followed. 


*  Vide  note,  p  327. 
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c.  Examination  for  iron  in  metallurgical  jiroducts,  with  the  hlowpipo 

characteristics  of  the  latter. 

Raw  iron  and  steel  are  usually  only  examined  for  accessory  in- 
gredients, viz.,  manganese,  p.  214,  carbon,  silica,  sulphur,  and  phos- 
phorus (vide  the  respective  examinations). 

The  method  of  testing  iears,  Hack  copper,  and  impure  lead  and' 
tin,  for  iron  and  other  accessory  ingredients,  is  evident  from  what 
was  said  about  metallic  compounds  containing  iron,  p.  223. 

The  various  speisses  are  very  easily  examined.     They  behave  as 

follows: — In   the   open   tube   most  of  them   yield  sulphurous   and 

arsenous  acids,  although  certain  of  them  must  be  first 

Metallic  arsenides.  i        •      j        r\  i--r>Tni.i  ^  x  tit 

pulverized.  On  coal  m  E.  Jb.  they  luse  to  a  globule 
and  yield  up  their  excess  of  arsenic,  if  the  latter  exceeds  the  propor- 
tion (Ni,  Co,  Fe)*  As.  Volatile  metallic  sulphides  if  present,  as  Pb, 
Sb,  form  a  coat  of  oxides  of  lead  and  antimony,  the  latter  being 
mixed  with  sulphate  of  lead.  Should  there  be  so  much  iron  that 
the  coat  forms  with  diflSculty,  the  iron  must  first  be  mostly  removed 
by  treatment  with  borax  on  coal,  and  the  remaining  button  will  then 
yield  a  distinct  coat  when  treated  alone.  If  the  speiss  contains  bis- 
muth, as  is  the  case  with  cobalt  speiss,  a  bismuth  coat  is  obtained 
(vide  p.  66,  et  seq). 

When  the  fused  button  of  speiss  is  treated  with  borax  on  coal, 
iron  oxidizes  first,  then  cobalt  and  the  resulting  oxides  dissolve  at 
once,  while  arsenic  volatilizes  and  is  perceived  by  the  odor.  As  soon 
as  the  button  shows  a  bright  surface  the  blast  is  stopped,  the  button 
quickly  lifted  out,  and  a  portion  of  the  soft  glass  withdrawn  with  the 
forceps,  and  if  quite  opaque,  treated  on  platinum  wire  in  the  0.  F. 
with  borax.    It  will  show  either  iron  alone,  or  cobalt  likewise,  p.  222. 

The  button  is  to  be  treated  on  coal  with  fresh  borax,  when,  if  all 
the  iron  and  cobalt  were  removed  before,  the  glass  will  show  only 
nickel,  but  if  some  cobalt  still  remained  the  glass  will  be  colored  by 
it  also,  and  if  there  is  much  cobalt  will  be,  indeed,  pure  smalt-blue. 
In  this  case  still  a  third,  or  even  a  fourth  treatment  with  borax  may 
be  necessary,  and  then  only  the  nickel  color  will  be  observed. 

Should  the  speiss  contain  copper,  this  metal  would  not  be  detected 
by  means  of  borax,  being  less  easily  oxidized  than  nickel,  but  may  be 
very  readily  found  if  the  button,  freed  from  iron  and  cobalt  and  now 
containing  only  Ni*  As,  with  more  or  less  ^u,  is  treated  on  coal  in 
the  0.  F.  with  S.  Ph.  Copper  and  nickel  are  then  oxidized,  and 
the  glass  bead  is  yellowish-green,  retaining  this  color  on  cooling, 
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OM'ing  to  the  yellow  of  the  nickel  and  the  blue  of  the  copper. 
Treated  with  tin  on  coal,  this  bead  becomes  red  and  opaque  from 
suboxide  of  copper,  when  cold.  It  is  assumed  that  all  the  antimony 
has  been  previously  removed  by  treating  the  speiss  alone  on  coal,  so 
that  the  bead  shall  not  become  black  on  cooling. 

"When  there  is  so  much  sulphide  of  lead  in  the  sjjeiss  that  the  coat 
of  oxide  of  antimony  cannot  well  be  distinguished  from  the  simul- 
taneously formed  sulphate  of  lead,  it  is  only  necessary  to  treat  the 
powdered  speiss  with  soda  in  the  E.  F.  The  sulphur  is  separated  by 
the  soda  and  the  lead  then  forms  only  a  yellow  coat,  allowing  the 
oxide  of  antimony  to  form  a  pure  coat.  When  there  is  a  considerable 
amount  of  sulphide  of  zinc  a  slight  zinc  coat  is  also  formed,  but  if 
the  amount  of  zinc  is  trifling  it  cannot  always  be  shown  with 
certainty. 

In  treating  a  very  impure  speiss,  containing  many  sulphides,  a 
little  of  it  may,  after  the  presence  of  volatile  metal  has  been  ascer- 
tained by  treatment  on  coal,  be  well  roasted  and  then  treated  with 
the  fluxes  as  described  on  p.  323. 

The  various  matt-like  products,  p.  221,  evolve  in  the  8'^[p{ifd^e3 
open  tube  sulphurous  acid  and,  if  they  contain  sulphide  of 
antimony,  deposit  near  the  assay  a  thin,  fixed  sublimate  of  oxide 
of  antimony  and  antimonic  acid.  On  coal  in  K.  F.  they  fuse  to  a 
globule,  with  the  exception  of  Roliofenhrucli  rich  in  zinc,  and  coat  the 
coal  with  oxides  of  lead,  antimony,  and  zinc,  and  sulphate  of  lead, 
when  they  contain  volatile  sulphides  of  these  metals,  and  have  not 
very  little  sulphide  of  zinc.  Occasionally  also  the  odor  of  arsenic  is 
perceptible ;  otherwise  a  special  test  may  be  made  for  it,  vide  arsenic. 

To  detect  the  other  ingredients,  a  sufficient  amount  is  roasted  on 
coal  and  tested  first  with  borax  and  S.  Ph.,  as  directed  for  the  com- 
pounds of  oxides  of  iron  with  other  metallic  oxides,  p.  223  et  seq. 
Another  roasted  portion  is  treated  in  the  K.  F.  with  soda,  so  as  to 
produce  metallic  iron  and  copper,  and  to  recognize  any  small  amount 
of  zinc  by  the  coat  which  is  formed  in  the  immediate  neighborhood 
of  the  assay. 

Slags  vary  so  much  that  it  is  not  possible  to  establish  any  general 
blowpipe  characteristics  for  them,  but  it  is  very  easy  to  find,  by  means 
of  their  behavior  alone  on  coal  and  with  the  glass  fluxes,  what 
metallic  bases  they  contain,  and  ."egard  must  be  had  to  these  when 
eflfecting  their  decomposition,  partly  in  the  dry  way  and  partly  in 
the  wet  way,  according  to  p.  155. 

Hammer  a,nd  forge  scales,  from  working  wrought  iron,  are  imme- 
diately recognized  by  the  fact  that  they  fuse  to  a  bead  m  the  forceps, 
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wlien  touched  with  the  blue  flame,  and  react  only  for  iron  with  the 
fluxes.  Sometimes  a  manganese  rea-'tion  can  be  obtained  with  soda 
and  nitre. 

4  Cobalt,  Co, 

Its  occurrence  in  the  mineral  kingdom  and  m  metallurgical 

products. 

Cobalt  occurs  under  different  conditions  in  the  following  minerals: 
a.  Combined  with  arsenic  in 
Smalt ite.    The  minerals  included  under  this  name  contain  arsenides 
of    cobalt,    iron,   and    nickel,   in    isomorphous    combinations. 
Eammelsberg  distinguishes 

a.  E*  As^   ]  The  amount  of  cobalt  varies  between  3.3  and 

J.  E  As     y  24  per  cent. ;  the  nickel  between  0  ?  and  25.8  per 

c.  E°  As*    )    cent. ;  the  iron  between  0.8  and  18.4  per  cent. 

d.  Co''  As'  {SJcutterudite,  tesseral  Jjgrifes),  with  21  per  cent. 
Co,  a  little  of  which  is,  however,  replaced  by  iron. 

WismuthJcobalterz,   containing  9.8  per  cent.  Co  and  3.8  per  cent.  Bi, 

besides  As,  Fe,  Cu,  Ni,  and  S,  is  probably  a  mixture  of  (Co,  Fe, 

Ni)"  As^  with  hismuthinite,  etc. 

A  little  cobalt  is  likewise  found  in 

Niccolite      ]     . ,      .  ,    , 
/-,i  1       1^1  -J.  \  vide  nickel. 
Chloanthite  \ 

h.  Combined  with  arsenic  and  sulpliur  in 

Cobaltite, — Co  S''  +  Co  As,  with  35.8  Co,  which,  however,  is  partly 

replaced  by  a  few  per  cent,  of  Fe ; 

Glaucodot  from  Chili, — ^Co,  Fe)  S"  +  (Co,  Fe)  As,  or  more  exactly 

(Fe  +  Fe  As)  +  2  (Co  +  Co  As),  with  24  Co,  inch  traces  of  Ni ; 

Danaite, — 5  (Fe  +  Fe  As)  +  (Co  +  Co  As)  with  6.3  per  cent.  Co ; 

included  by  Dana  under  the  following: 

Cobaltic  arsenopyrite,  vide  iron. 

A  little  cobalt  is  also  found  in 

Gersdorffite,  vide  nickel. 

c.  Combined  with  sulphur  in 

Syepoorite, — Co,  with  65.2  Co,  occurring  near  Eajpootanah  in  India; 

Lmiiaeite   (cohalt  pyrites)  from  Siegen, — ER:  E  =  Ni,  Co,  Fe;  & 

III  III  III  »   "  H 

=  M,  Co,  Fe  ;  (Dana  gives  2  E  +  E) ;  contains  29.5  to  42.6  Ni 
and  11  to  25.6  Co; 
Carrol] ite,— du  +  ^o,  with  38.5  Co  and  a  little  Ni  and  Fe. 

A  little  cobalt  is  also  found  in 
Griinauite,  vide  nickel. 
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d.  Combined  with  selenium  in 

Tilkerodite  {cobaltic  daustlialite,  Dana),— Co  Se'  +  6  Pb  Se,  with 
64.2  Pb  and  3.1  Co. 

e.  As  oxide  and  combined  with  other  metallic  oxides  in 
Asbolite  {earthy  cohalt),  vide  manganese. 

Brown  and  yellow  earthy  cobcdts.    The  variety  from  Kamsdorf  is  a 
mixture  of  hydrous  arsenates  of  iron,  cobalt,  and  lime. 
/.  Combined  with  acids : 

a.  With  sulphuric  acid  in 
Bieberite, — Oo  Is  +  7  fl ;  when  pure  containing  25.5  Co,  but  gener- 
ally some  Oa,  ]\Ig,  On.     The  variety  from  Bieber,  near  Hanau, 
is,  according  to  Winkelblech,  (Co,  Mg)  S  +  7  H,  with  20.8  Co. 
jS.  With  arsenic  acid  in 

Erythrite, — Co'  As  +  8  ll,  with  37.8  Co,  a  little  of  which  is  some- 
times replaced  by  S"i,  '^q,  or  Ca ; 

Earthy  cobalt  bloom  {Koialtheschlag)  is  shown  by  Kersten  to  be 
erythrite  mixed  with  arsenous  acid  and  containing  16.6  to  18.3 
Co; 

Lavendulan, — As,  Co,  !S"i,  Cu,  and  fl. 
A  little  cobalt  is  also  found  in 

Annabergite,  vide  nickel. 
g.  With  carbolic  acid  in 

Eemingtonite,  Co,  C,  fi  (Dana). 

In  metallurgical  products  from  ore  containing  cobalt  as  an  essen- 
tial, or  only  as  an  accidental  ingredient,  this  metal  is  likewise  present. 

In  addition  to  s^nalt  from  the  smalt  works,  the  following  are  the  chief 

products  to  be  named  : 

Cobalt  speiss,  which  settles  in  the  pots  during  the  preparation  of 
smalt,  vide  iron,  p.  221. 

Nickel  speiss,  obtained  in  smelting  nickel  ores  poor  in  cobalt,  to  con- 
centrate the  arsenides  of  nickel  and  cobalt;  it  consists  chiefly 
of  (Ni,  Co,  Fe)^  As,  or  E^  As,  and  occasionally  a  small  amount 
of  sulphides  of  Fe,  Cu,  Pb,  and  Sb. 

Lead  speiss,  resulting  when  ores  containing  silver,  cobalt,  nickel, 
lead,  and  copper,  are  smelted  with  plumbiferous  materials,  and 
consisting  chiefly  of  (Fe,  ISTi,  Co)'  As  with  the  bases  in  very 
variable  proportions ;  more  or  less  of  the  sulphides  of  Fe,  Pb, 
Cu,  Sb,  Zn,  and  Ag,  are  mixed  or  combined  with  it. 

Refined  speiss,  so  far  freed  from  accessory  ingredients  by  concentra- 
tion and  refining,  that  it  approaches  the  composition  (Ni,  Co)* 
As. 
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Rolistein,  lead  matt,  copper  matt,  vide  iron,  p.  221. 
Slags  from  smelting  ores  and  products  containing  cobalt,  and  also 
from  refining  niccoliferous  and  cobaltiferous  black  copper. 

Examination  for  Cobalt, 

Including  the  blowpipe  characteristics  of  the  aiove  minerals  and 

products. 

a.  General  examination  for  cobalt. 

Cobalt  is  very  easily  detected,  since  it  oxidizes  quite  readily  and 
then  imparts  a  smalt-blue  color  to  the  borax,  and  S.  Ph.  beads,  which 
remains  the  same  in  both  0.  F.  and  E.  F.    Simple  and  compound 

substances  cannot,  however,  be  treated  in  similar  ways, 
"nfckd^  Metallic  nickel,  which  is  infusible,  is  converted  into  arsenide 
before  testing  it  for  cobalt,  by  mixing  it  in  thin  scales,  or  filings, 
with  a  little  metallic  arsenic,  fusing  them  together  in  a  cavity  on 
coal  with  the  E.  F.  and  treating  the  fused  button  a  short  time  Avith 
borax  directly  with  the  tip  of  the  blue  flame ;  if  any  cobalt  is 
present  the  glass  becomes  blue,  and  if  the  amount  is  not  too  trifling 
the  cleansed  button  will  impart  a  blue  color  to  a  fresh  portion  of 

borax  also, 
^"""metaiff  °^       The  manner  of   finding  cobalt  in  alloys  has  been 
described  under  iron,  p.  222. 

Compounds  of  cobalt  with  arsenic  and  other  metallic  arsenides  are 
fused  on  coal  until  they  cease  to  evolve  arsenic,  and  then  borax 
areenfdeB.  ^^  added  and  fused  with  the  metallic  compound,  now  con- 
taining less  arsenic,  until  the  glass  is  colored.  It  will  be 
pure  smalt-blue,  unless  iron  is  present,  which  oxidizes  sooner  than 
cobalt,  and  produces,  at  the  same  time,  the  color  of  its  proto-ses- 
quioxide.  The  cleansed  button  treated  with  fresh  borax  will, 
however,  show  the  pure  cobalt  blue.  Any  nickel  and  copper  present 
will  be  combined  with  arsenic  or  sulphur,  and  do  not  oxidize  until 
all  the  cobalt  has  been  separated  by  rejDeated  fusions  with  borax  in 
0.  F.  When  the  fresh  borax  no  longer  assumes  a  blue  color,  but  is 
brown  from  nickel,  the  remaining  button  is  treated  with  S.  Ph.  in 
0.  F.  and  the  glass  becomes  green,  both  when  hot  and  cold,  if  copper 
as  Avell  as  nickel  is  present.  On  coal  with  tin  it  becomes  opaque  and 
red  from  suboxide  of  copper. 

Any  bismuth  is  immediately  recognized  by  the  coat  formed  while 
removing  the  excess  of  arsenic  by  treating  the  substance  alone  on 
coal.  If  no  antimony  is  present  the  coat  may  be  tested  with  S.  Ph. 
and  tin,  vide  bismuth.    Metallic  arsenides  in  which  cobalt  forms 
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a  chief  constituent  may  be  roasted  and  tested  with  the  fluxes  as 
directed  for  sulphides,  but  the  above  method  is  always  the  shortest. 

Sulphides,  sometimes  cmtaining  arsenides,  are  first  treated  alone 
on  coal  in  E.  F.  until  they  cease  to  yield  anything  volatile. 
The  coats  then  formed  will  indicate  anv  admixture  of  lead    Metallic 

"  sulphides. 

or  bismuth.  The  fused  compound  is  powdered,  well 
roasted,  and  a  part  of  it  at  once  tested  on  coal  with  borax  in  0.  F. 
If  no  coloring  oxides  except  cobalt  are  present  the  glass  will  be  blue 
and  remain  so  when  diluted  A\^ith  borax  and  tested  on  platinum  wire 
in  0.  F.  A  trifling  amount  of  iron  will,  however,  then  render  the 
glass  green  while  hot.  If  copper  or  nickel  are  present  their  oxides 
will  likeAvise  dissolve  and  sometimes  entirely  conceal  the  cobalt  color. 
By  treating  such  a  glass  on  coal,  however,  in  the  R.  F.,  until  it 
appears  transparent  while  fused  and  few  or  no  bubbles  escape  from 
it,  the  copper  and  nickel  are  reduced  to  metal,  and  either  the  pure 
cobalt  will  appear,  or  the  cobalt  color  mingled  with  the  bottle-green 
of  iron.  The  separation  of  the  metals  is  promoted  by  adding  a  little 
test-lead,  p.  81,  but  then  the  metallic  compound  obtained  should 
be  freed  from  the  excess  of  lead  by  treating  it  alone  on  coal,  after 
which  it  is  fused  iu  0.  F.  with  S.  Ph.  to  detect  nickel  and  copper. 
For  their  reactions,  vide  p.  84.  Gold  may  be  used  in  place  of  the 
lead,  vide  nickel. 

Metallic  selenides  are  flrst  treated  alone  and  then  with    ^[etaiiic 

selemdes. 

borax  on  coal  in  E.  F.,  until  the  glass  is  colored  by  the  easily 
oxidized,  fixed  metals.     Should  the  glass  not  show  a  pure   cobalt 
color,  it  is  treated  as  above  described. 

In  treating  metallic  oxides  or  their  salts,  in  which  protoxide  of 
cobalt  forms  a  chief,  or  accessory  ingredient,  a  small 
quantity  is  fused  with  borax  on  coal  in  E.  F.,  until  all  the  ^^sait/"** 
non-reducible  oxides  are  dissolved,  while  the  others  are 
reduced  to  metal,  and  such  as  are  volatile  have  been  volatilized.  If 
oxides  of  cobalt,  iron,  and  manganese  are  present,  the  iron  dissolves 
as  proto-sesquioxide,  and  the  manganese  as  colorless  protoxide,  so 
that  the  glass  has  a  mixed  blue  and  bottle-green  color,  very  easily 
distinguished  from  the  green  produced  by  iron  alone  in  E.  F.,  even 
if  little  cobalt  is  present.  This  glass  in  0.  F.  on  platinum  wire  only 
shows  cobalt  and  iron  distinctly  when  manganese  is  absent ;  otherwise 
the  manganese  becomes  more  highly  oxidized  and,  coloring  the  glass 
intensely,  conceals  the  cobalt. 

The  metals  separated  by  treating  the  glass  in  E.  F.  may  form  a 
button,  e.  g.,  when  much  arsenate  of  nickel  is  present,  and  they  can 
be  further  tested  with  borax  and  S.  Ph.     Should  the  amount  of 
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nickel  be  so  small  as  to  give  no  certain  result  in  this  way,  another 
method  must  be  employed,  as  will  be  specially  described  under  nickel. 

h.  Blowpipe  characteristics  of  the  minerals  containing  cobalt 

above  indicated. 

COMPOUNDS  OF  COBALT  WITH  ARSENIC. 

Smaltite  usually  yields  in  the  closed  tube  metallic  arsenic.  Care- 
fully heated  in  the  open  tube  an  abundant  crystalline  sublimate  of 
arsenous  acid  is  obtained,  and  sometimes  sulphurous  acid.  In 
poAvder  it  is  converted  into  basic  arsenate  of  cobalt.  It  fuses  on 
coal,  with  evolution  of  arsenic  fumes  to  a  grayish-black,  magnetic, 
metallic  button,  which  is  brittle,  and  with  borax,  p.  238,  behaves 
like  arsenide  of  cobalt  containing  a  little  iron  and  nickel. 

Shutterudite  gives  a  strong  sublimate  of  arsenic  in  the  closed  tube, 
otherwise  like  smaltite. 

Wismuthhohalterz  in  the  closed  tube  yields  metallic  arsenic;  in 
the  open  tube  a  sublimate  of  arsenous  acid,  and  with  litmus-paper 
shows  sulphurous  acid.  On  coal  sinters,  yields  much  arsenic,  and 
forms  a  bismuth  coat.  By  treating  the  remaining  mass  with  borax, 
p.  238,  and  the  button  which  then  separates,  after  freeing  it  from 
cobalt,  with  S.  Ph.,  iron,  cobalt,  copper,  and  nickel  can  be  detected. 

COMPOUNDS    OF   COBALT   WITH   ARSENIC   AND    SULPHUR. 

Colaltite  {glance  cobalt)  yields  in  the  closed  tube  only  a  very  little 
arsenous  acid  formed  by  the  air  in  the  tube.  In  the  open  tube  at  a 
red-heat  it  yields  arsenous  acid  and  sulphurous  acid.  On  coal  it 
yields  sulphur  and  arsenic  and  fuses  to  a  button,  which  reacts  with 
borax  like  arsenide  of  cobalt  containing  iron.  By  treating  it  further 
with  borax,  p.  238,  adding  gold  to  increase  its  volume,  any  nickel 
present  may  be  detected. 

Glaucodot  loses  its  lustre  in  the  closed  tube;  otherwise  like  cobalt- 
ite  in  the  closed  and  open  tubes. 

It  fuses  quietly  on  coal  in  the  E.  F.,  yielding  sulphur  and  arsenic 
to  a  button,  which  on  cooling  has  a  black,  rough  surface,  but  a  fine- 
grained, speiss-like  fracture,  and  is  slightly  magnetic. 

This  button,  treated  with  borax  according  to  p.  238,  first  shows  a 
strong  iron  reaction  ;  with  fresh  borax  only  pure  smalt-blue,  and  if 
finally  gold  is  added  to  increase  the  volume  of  the  little  button 
remaining,  and  the  treatment  with  borax  continued,  the  last  traces 
of  the  metallic  arsenides  oxidize  and  show  a  feeble  nickel  reaction. 

CobaUic  arsenopyrite  {danaite),  vide  p.  227. 
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COMPOUNDS   OF   COBALT   WITH   SULPHUR. 

Syefoorite. — The  blowpipe  characteristics  of  the  natural  minoral 
are  not  known.  The  artificial  yields  sulphurous  acid  in  the  open 
tube ;  nothing  in  the  closed.  On  coal  it  fuses  to  a  globule,  which 
even  after  long  treatment  with  the  E.  F.  still  shows  a  bright  surface 
on  cooling,  and  is  magnetic.  The  roasted  powder  shows  pure  cobalt 
reactions  with  the  fluxes. 

Linnceite  from  Siegen  yields  a  slight  sulphur  sublimate  in  the 
closed  tube;  and  much  sulphurous  acid  in  the  open  tube,  with  a  very 
little  arsenous  acid.  If  used  in  powder  it  becomes  black  on  cooling. 
On  coal,  small  fragments  of  crystal  fuse  in  the  E.  F.,  with  some 
evolution  of  sulphur,  to  a  globule,  which  can  be  kept  fluid  for  some 
time  with  the  surface  free  from  oxide,  and  forms  no  coat.  When 
cold  it  is  covered  with  a  black,  rough  oxide  film,  probably  magnetic 
oxide  of  iron,  and  both  the  whole  globule  and  fragments  free  from 
oxide  follow  the  magnet. 

The  roasted  powder  affords  reactions  for  cobalt,  iron,  and  nickel. 
By  reducing  some  of  the  roasted  powder  with  neutral  oxalate  of 
potassa,  a  magnetic,  metallic  powder  is  obtained.  (Had  the  metals 
been  combined  partly  or  entirely  with  arsenic,  the  roasting  would 
have  formed  basic  arsenates,  and  by  reduction  globules  of  metallic 
arsenides  would  be  produced.) 

Carrollite  behaves  like  niccoliferous  linnaeite,  but  the  roasted 
mineral  also  reacts  for  copper  with  the  fluxes.  (Dana.) 

COMPOUND    OF   COBALT  WITH   SELENIUM. 

Tilkerodite  yields  in  the  closed  tube  a  sublimate  of  selenium. 
On  coal,  evolves  the  odor  of  selenium,  coats  the  coal  with  selenium 
and  oxide  of  lead  and  tinges  the  flame  azure-blue.  The  assay 
decreases  in  volume,  without  fusing  perfectly,  and  leaves  finally  an 
unalterable  scoria,  which  gives  iron  and  cobalt  reactions  with  borax. 

COMPOUNDS   OF    PROTOXIDE   OF   COBALT  WITH   ACIDS. 

Bieberite  yields  in  the  matrass  water  and  on  continued  heating 
sulphurous  acid.  With  the  fluxes  it  reacts  like  oxide  of  cobalt.  The 
magnesia  can  only  be  found  by  dissolving  the  salt  in  water  and  then 
separating  the  bases  according  to  p.  156. 

Erythrite  yields  in  the  matrass  only  water.  'The  red  crystals  from 
Schneeberg  glow,  and  on  cooling  are  dark,  dirty  violet.  (At  a  higher 
heat,  gives  ofi"  arsenous  acid  and  becomes  gray  or  black.  Dana.) 
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B.  B.  in  the  forceps  the  crystals  fuse  and  color  the  flame  light  blue. 
On  coal  it  evolves  arsenical  fumes  and  fuses  in  R.  F.  to  a  blackish- 
gray  globule  of  arsenide  of  cobalt,  which  with  the  fluxes  reacts  only 
for  cobalt. 

Earthy  cobalt  Uoom  yields  in  the  matrass  water  and  arsenous  acid. 
On  coal  and  with  fluxes,  like  erythrite. 

Lavendulan  yields  only  water.  The  assay  becomes  lamellar  and  is 
bluish-gray  when  cold.  In  the  forceps  fuses  easily  and  colors  the 
flame  light  blue.  The  fused  assay  crystallizes  with  large  faces  on 
cooling,  like  phosphate  of  lead.  The  crystals  are  generally  black 
and  opaque,  but  some  have  a  dark  hyacinth-red  color.  On  coal  in 
E.  F.  it  fuses  and  seems  to  be  reduced,  while  a  strong  arsenical  odor 
is  perceptible.  With  the  fluxes,  shows  cobalt,  nickel,  and  copper,  p.  239. 

c.  Examination  for  cobalt  in  metallurgical  products. 

The  method  of  proceeding  may  be  deduced  from  the  examination 
for  iron  in  general,  p.  222,  and  in  case  of  products,  p.  234. 

5.  Nickel,  Ni. 

Its  occurrence  in  the  mineral  Icing dom  and  in  metallurgical 

products. 

Nickel  occurs  under  different  conditions  in  the  following  minerals : 

a.  Combined  with  other  metals  in 
Breithauptite, — Ni"  Sb,  with  32.5  Ni,  but  frequently  rendered  impure 

by  a  little  Fe,  As,  and  disseminated  galena. 
Meteoric  iron,  vide  iron. 
Melonite,— Ni'  Te\ 

b.  Combined  with  arsenic  in 
Niccolite  {copper  nickel), — M"  As,  with  43.5  Ni,  but  seldom  free  from 

a  little  Co,  Fe,  Pb,  Cu,  Bi,  and  S ; 
Niccolite  from  AUemont  and  a  very  similar  mineral  from  Balen, 

Lower  Pyrenees,  probably  contain  Ni''  Sb  in  isomorphous  form; 

partly  also  stibnite  and  ullmannite  as  admixtures; 
Eammelsbergiteandchloanthite,— Ni  As,  with  27.8  Ni,  having  a  part 

of  the  Ni  frequently  replaced  by  Co  and  Fe,  and  containing 
.    occasionally  some  disseminated  Bi; 
Tombazite  from  the  Freudiger  Bergmann  Mine,  near  Lobenstein, 

containing  As,  Ni,  and  traces  of  Co  and  Fe; 
Smaltite,  vide  cobalt. 
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c.  With  mitimony,  arsenic,  and  sulplmr  in 

tJUmannite, — Ni  S"  +  Ni  Sb,  with  27.6  Ni,  and  sometimes  a  little  Co 

and  Fe ;  As  is  often  present ; 
Corjnite,— Ni  S"  +  Ni  (As,  Sb),  with  about  29  per  cent.  Ni ; 
Gersdorflfite  and  amoibite,  approximately  Ni  S"  +  Ni  As,  with  30  to  35.3 

Ni,  sometimes  partly  replaced  by  Co  and  Fe ; 
Antimon-A7'sen7iichelglanz    is    a  variety   of    ullmannite  with  the 

formula  Ni  S'  +  Ni  (Sb,  As),  containing  25.3  to  29.4  Ni; 
Wismuthkohalterz,  with  little  Ni,  vide  cobalt. 

d.  Combined  with  sulphur  in 
Millerite,— Ni,  with  64.4  Ni ; 

Grunauite  {bismuth  7iicheT),  from  the  Grunau  mine,  near  Schutz- 
bach,  consists  according  to  Schnabel  of  33.5  S,  10.4  Bi,  22.4  JSTi, 
11.5  Co,  11.5  Cu,  5.7  Fe,  and  4.3  to  5.1  Pb; 

Pentlandite,— Ni  +  2  i'e  with  21.8  Ni,  but  seldom  free  from  dissem- 
inated chalcopyrite ; 

Linngeite,  vide  cobalt. 

e.  In  the  oxidized  state  in 

Bunsenite, — Ni  from  Johann-Georgenstadt,  accompanied  by  bismuth 
and annabergite,  and  containing  78.3  Ni; 
/.  Combined  with  acids  : 

a.  With  carbonic  acid  in 
Zaratite  {emerald  nickel),— {^i  C  +  4  fi)+3  M  fi,  with  46.5  iJi. 

/3.  With  sulphuric  acid  in 
Morenosite  {nickel  vitriol), — ISTi  S  +  7  S. 

7.  With  arsenic  acid  in 
Arsenate  of  nickel  (anhydrous),  from  Johann-Georgenstadt.     Ac- 
cording to  Bergmann,  the  yellow  variety  is  ]ti'i*  Xs,  with  38.5 

Ni;  the  green  variety  S'i*  Xs,  with  48.6  Ni;  both  contain  a 
little  Co,  Cu,  and  Bi ; 

Annabergite  {nickel  ochre), — I^i'  As  +  8  fl,  with  39.3  Ni,  sometimes 
a  little  Oo,  'Pe,  and  S ; 

Cabrerite,— (IsTi,  Co,  Slg)"  As  +  8  fl,  lSI"i  =  30  per  cent.  (Dana) ; 
Lavendulan,  vide  cobalt.    It  contains  only  a  little  S"i. 

5.  With  silicic  acid  in 
Eottisite  II-III,— Ni  Si  +  |  fl  (Winkler),  with  a  little  Cu,  Co,  l?e, 

Al,  P,  and  Ks.     According  to  Dana  perhaps  the  same  as 
Genthite  {nickel  gymnite)  III,  1,— (Slg,  i^i)*  Bi'  -f  6  ll,  containing 
very  little  ~Fq  and  Ca ; 
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Pimelite,— 2  (A\,  ^e)  Si  +  3  (%,  Ni)  Si  +  10  £[,  with  nearly  3  ,per 

cent.  'Ni ; 
Alipite— (Mg,  Si)*  S'i'  +  3  fi; 
Conarite,— (i  H  +  |  Ni)  Si  +  |  fi  (Dana). 

Small  quantities  of  nickel  are  also  found  in 
Chrysolite  and  olivine,  vide  magnesia; 
Meteorites,  vide  iron ; 
Chrysoprase,  vide  quartz  and  silicic  acid. 

Several  metallurgical  products  contain  nickel,  when  obtained  from 
niccoliferous  ores.  It  is  usually  concentrated  in  combination  with 
arsenic  and  arsenides  of  cobalt  and  iron,  either  in  the  sulphide  com- 
pounds, (matts,  regulus)  obtained  from  smelting  certain  silver,  lead, 
and  copper  ores,  and  then  forms  only  an  admixture,  vide  iron,  p  221 ; 
or  it  settles  in  combination  with  arsenic  and  other  arsenides,  as  well 
as  with  metallic  sulphides,  as  a  special  product,  viz.,  speiss,  lead 
speiss,  vide  cobalt,  p.  237.  It  further  forms  the  chief  ingredient  of 
the  speiss  obtained  by  smelting  cobaltiferous  nickel  ores,  to  concen- 
trate the  arsenides  of  cobalt  and  nickel  in  the  ores,  as  well  as  of 
refined  speiss  and  cobalt  speiss,  p.  237.  Occasionally  also  it  forms  an 
accessory  ingredient  of  black  copper,  obtained  in  the  large  way, 
and  of  certain  slags. 

Examination  for  Nickel, 

Including  the  llotvpipe  characteristics  of  the  minerals  ahove 

mentioned. 

a.  General  examination  for  nichel. 

Nickel  can  be  detected  with  certainty  and  comparative  ease,  ereti 
when  in  very  trifling  quantities.  For  its  reactions  with  the  fluxes, 
vide  p.  106. 

Fusible  alloys  containing  nickel  are  melted  for. some  time  with 
borax  on  coal  in  R.  F.  and  the  glass  tested  on  platinum  wire 
in  0.  F.,  vide  p.  222;  notice  being  also  taken  of  any  coat 
formed  on  the  coal.  The  remaining  metallic  button  is  again  tested 
with  borax  in  E.  F.,  to  ascertain  whether  the  glass  still  takes  vip  any 
oxides  of  the  non-reducible  metals,  or  whether  it  remains  colorless. 
In  the  latter  case  the  button  is  treated  with  S.  Ph.  in  0.  F.,  to  dis- 
cover whether  only  the  nickel  coloration  results,  or  whether  copper 
is  likewise  present,  in  which  case  a  green,  or  yellowish-green  glass  is 
formed,  which  remains  green  on  cooling,  and  with  tin  on  coal 
becomes  opaque  and  red.     Should  antimony  or  bismuth,  however,  be 
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also  present,  the  glass  bead  becomes  black  on  cooling  and  the  copper 
reaction  is  thns  concealed.  It  is  then  necessary  to  employ  a  new 
piece,  and  before  using  the  fluxes,  to  treat  it  alone  on  coal  in  R.  F., 
until  it  ceases  to  yield  anything  volatile. 

When  the  alloy  is  infusible  and  consists  especially  of  iron,  the 
process  indicated  for  native  iron  may  be  followed,  p.  226 ;  but  when 
it  seems  to  consist  chiefly  of  nickel  and  cobalt,  these  may  be  con- 
verted into  arsenides,  as  described  on  p.  238,  for  testing  metallic 
nickel  for  cobalt. 

Compounds  of  nickel  with  arsenic  and  arsenides,  or 
sulphides,  which  sometimes  contain  arsenides,  are  treated  and'saiphfdes. 
just  like  the  corresponding  cobalt  compounds,  p.  238,  and 
p.  239. 

In  metallic  oxides  and  their  salts,  the  nickel,  if  not  in  too  small 
quantity,  can  be  found  by  the  method  given  for  the  cor- 
responding cobalt  compounds,  p.  239,  but  a  very  trifling  *^^and  salfs!^^* 
amount  cannot  always  be  thus  detected  with  certainty. 
It  is  then  safer  to  proceed  as  follows.  Suppose  it  is  desired  to  test  a 
combination  of  oxides  of  cobalt,  manganese,  and  iron  for  a  trifling 
amount  of  oxide  of  nickel ;  a  sufiicient  quantity  should  be  dissolved 
in  borax  on  platinum  wire  in  0.  F.,  the  very  dark,  or  quite  opaque 
bead  shaken  off,  and  two  or  three  such  beads  prepared.  These  are 
treated  in  a  cavity  on  coal,  or  in  a  coal  crucible,  with  a  pure  gold 
button  of  fifty  to  eighty  milligr.  weight,  in  a  strong,  active  R.  F., 
until  it  is  certain  that  all  of  the  nickel  is  reduced  from  the  bead  and 
collected  in  the  gold  button,  which  has  been  brought  into  contact 
with  every  portion  of  the  fluid  glass  by  carefully  turning  the  coal. 
When  the  button  has  solidified  it  is  lifted  from  tlie  glass  and  freed 
from  any  adherent  glass  between  paper  on  the  anvil.  A  trifling 
amount  of  nickel  suffices  to  render  the  button  more  or  less  gray  and 
harder  under  the  hammer  than  pure  gold.  If  the  borax -glass  was 
not  supersaturated  with  oxides,  so  that  none  of  the  cobalt  could  be 
reduced,  the  gold  button  treated  for  some  time  in  0.  F.  on  coal  with 
S.  Ph.  will  impart  to  this  only  the  nickel  color ;  reddish  to  brownish- 
red  while  hot,  and  yellow  to  reddish-yellow  after  cooling,  according 
to  the  amount  dissolved.  If,  however,  cobalt  had  been  reduced,  it 
will  oxidize  sooner  than  the  nickel,  and  either  produce  a  blue  cobalt 
bead  only,  or  a  bead  which  will  be  dark-violet  when  hot  and  dirty 
green  on  cooling,  if  some  nickel  had  been  oxidized.  In  either  case 
the  button,  freed  from  glass,  is  treated  with  fresh  S.  Ph.  in  0.  F., 
until  the  hot  glass  seems  colored,  when,  if  the  original  borax  beads 
had  not  been  too  highly  supersaturated,  the  glass  will  show  only  the 
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nickel  coloration;  if  the  metallic  oxides  were,  however,  free  from 
nickel,  the  glass  will  be  colorless. 

When  the  oxides  or  salts  contain  other  coloring  oxides  which  are 
likewise  reduced  in  the  metallic  state  from  the  borax  beads,  as  oxides 
of  copper,  the  gold  button  will  contain  both  nickel  and  copper,  andj 
after  being  freed  from  any  trifling  amount  of  cobalt  by  means  of  S. 
Ph.,  will  yield  with  a  fresh  portion  of  that  salt  a  glass  which  is  green 
while  hot,  even  if  the  copper  predominates  considerably,  and  remains 
green  on  cooling,  but  treated  with  tin  becomes  red  and  opaque.  If 
the  assay  was  perfectly  free  from  nickel  the  hot  S.  Ph.  bead  will, 
indeed,  be  green,  but  it  becomes  blue  on  cooling.* 

h.  Behavior  of  the  above-mentioned  niccoliferous  minerals  before  the 

blowpipe. 

COMPOUNDS   OF   NICKEL   WITH   ANTIMONY,  AESENIC,  AND   SULPHUE. 

Melonite,  vide  under  tellurium. 

Breithauptite  in  the  open  tube  evolves  copious  antimonial  fumes, 
without  fusing ;  the  assay  is  grayish-green  on  cooling.  It  fuses  on 
coal  in  E.  F.,  and  after  the  blast  is  stopped  continues  to  emit  fumes 
for  a  short  time,  like  antimony,  but  without  becoming  covered  with 
oxide  of  antimony.  On  renewing  the  blast  a  coat  of  oxide  of  anti- 
mony is  formed,  near  which  a  yellow  lead  coat  may  be  produced 
by  disseminated  galena.  Should  the  mineral  alone  give  no  arsenic 
odor,  this  becomes  perceptible  on  adding  soda,  and  the  soda  will  also 
afford  a  sulphur  reaction  in  case  the  assay  was  not  quite  free  from 
galena.  The  glass  obtained  with  borax  on  coal  in  E.  F.  shows  only 
iron,  and  also  when  this  glass  is  afterward  treated  on  platinum  wire 
in  0.  F.  only  an  iron  coloration  is  produced,  but  by  treating  the 
remaining  button  with  fresh  borax  in  0.  F.,  the  nickel  reaction  is 
obtained. 

Niccolite,  free  from  antimony,  yields  a  very  little  arsenous  acid  in 
the  closed  tube,  but  in  the  open  tube  it  yields  arsenous  acid  abun- 
dantly and  sometimes  sulphurous  acid ;  the  assay  becomes  yellowish- 
green  and  crumbles  to  powder.  On  coal  it  yields  arsenical  fumes 
and  fuses  to  a  button,  which  treated  a  short  time  with  borax  shows 
cobalt  and  iron,  and  these  are  very  distinctly  seen  when  the  glass  is 
remelted  on  platinum  wire  in  0.  F.     A  feeble  lead  or  bismuth  coat 

*  A  gold  button  containing  nickel  or  coppei'  is  purified  by  fusing  it  with  a  suitable 
•imount  of  test  lead,  cupelling  it  on  bone-ash,  and,  if  necessary,  treating  it  with  boracic 
^id  on  coal. 
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is  sometimes  foi'med  and  the  remaining  button  shows  nickel  re- 
actions. 

The  blowpipe  characteristics  of  the  antitnonial  niccolite  from 
Allemont  and  Balen  are  not  known,  but  the  various  constituents 
might  be  found  as  in  breithauptite,  while  the  mineral  probably  also 
shows  a  behavior  similar  to  that  of  ullniannite  below. 

Tombazite  behaves  like  niccolite  containing  a  little  Co  and  Fe. 

Eammelshergite  and  chloanthite  behave  like  niccolite,  but  yield 
metallic  arsenic  in  the  closed  tube ;  the  residue  then  corresponds  to 
niccolite.  With  the  fluxes  a  little  cobalt  and  iron  can  generally  also 
be  detected,  while  a  trifling  bismuth  coat  is  occasionally  formed. 

UUmannite  {niccoliferous  gray  antimony)  yields  a  trifling  white 
sublimate  in  the  closed  tube,  and  in  the  open  tube  copious  antimo- 
nial  fumes  and  sulphurous  acid.  On  coal  in  E.  F.  fuses  to  a  globule 
and  evolves  antimonial  fumes,  which  partly  coat  the  coal.  Some- 
times arsenic  replaces  part  of  the  antimony  and  may  be  detected  by 
its  odor,  which  is  most  perceptible  when  the  assay  is  fused  in  0.  F. 
with  test  lead,  vide  arsenic. 

With  the  fluxes,  iron,  cobalt,  and  nickel  are  detected  as  described 
under  niccolite. 

Gersdorffite  {nickel  glance)  decrepitates  in  the  closed  tube  and 
yields  a  yellowish-brown  sublimate  of  sulphide  of  arsenic.  In  the 
open  tube  arsenous  and  sulphurous  acids.  On  coal  yields  sulphurous 
and  arsenical  fumes  and  fuses  to  a  globule,  which  gives  Avith  the 
fluxes  iron,  cobalt,  and  nickel  reactions,  vide  niccolite. 

Amoihite  reacts  probably  like  the  above,  while  ullniannite,  when 
containing  arsenic  as  well  as  antimony,  as  in  Antimo7i-Arsen7iicTcel- 
glanz,  gives  the  reactions  of  both  ullmannite  and  gersdorffite. 

3fillerite  yields  sulphurous  acid  in  the  open  tube.  On  coal  fuses 
rather  easily  to  a  globule  which  spirts  strongly  and  diminishes  some- 
what in  volume,  but  remains  fluid.  Roasted  and  then  treated  with 
a  good  R.  F.,  it  yields  a  coherent,  someAvhat  malleable,  metallic,  and 
magnetic  mass.  Well-roasted  millerite  gives  the  nickel  reactions 
with  the  fluxes,  but  frequently  a  little  iron  and  copper  can  be  de- 
tected. 

Grunauite  in  the  open  tube  yields  sulphurous  acid  and  a  slight 
yellowish-white  coat,  apparently  of  sulphate  of  bismuth,  which  set- 
tles near  the  assay.  On  coal  it  evolves  sulphurous  acid  and  fuses  to 
a  gray  button,  which  afterward  afibrds  a  yellow  coat  of  oxide  of 
bismuth  and  a  white  coat  of  the  sulphate.  The  residue  powdered, 
roasted,  and  treated  with  the  fluxes,  shows  nickel  chiefly,  with  con- 
siderable quantities  of  cobalt,  copper,  and  iron.     Lead  cannot  be 
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found  in  the   dry  way  alone,  on  account  of  the  not   unimportant 
amount  of  bismuth. 

Pentlandite  in  the  open  tube  yields  sulphurous  acid.  On  coal 
fuses  to  a  globule,  having  a  yellowish,  metallic  fracture.  Eoasted 
and  tested  with  borax,  shows  chiefly  nickel  and  iron,  with  a  little 
copper  from  disseminated  chalcopyrite. 


PROTOXIDE  OF  NICKEL. 

For  its  reactions  vide  p.  106. 

PROTOXIDE   OF   NICKEL   COMBINED   WITH   ACIDS. 

Zaratite  at  100°  C.  yields  much  water  in  the  matrass  and  assumes 
a  black  color.  It  dissolves  with  effervescence  in  the  fluxes  and 
behaves  like  protoxide  of  nickel. 

Annabergite  in  the  matrass  yields  water  and  becomes  darker. 
B.  B.  fuses  in  the  tip  of  the  blue  flame  and  tinges  the  outer  flame 
light  blue  (arsenic).  On  coal  in  E.  F.  yields  arsenical  fumes  and 
fuses  to  a  blackish-gray  globule  of  arsenide,  which  usually  Avith 
borax  in  E.  F.  first  shows  cobalt  feebly,  and  then  in  0.  F.  with  fresh 
borax  shows  nickel. 

With  soda  on  coal  occasionally  yields  the  sulphur  reaction. 

Arsenate  of  nickel.— ^ot\\  varieties  react  like  annabergite,  but  are 
unaltered  in  the  closed  tube  (Dana). 

Among  the  silicates  above  named  pimelite  yields  water  and  evolves 
a  burnt  odor,  becoming  black  in  the  matrass. 

B.  B.  fuses  only  on  thin  edges  and  then  assumes  a  gray  appear- 
ance. Dissolves  rather  easily  in  borax  and  S.  Ph.  showing  nickel 
and  silica.  It  is  imperfectly  dissolved  by  soda;  if  the  E.  F.  is 
employed,  magnetic,  metallic  nickel  is  obtained  upon  washing  away 
the  slag.     The  remaining  silicates  behave  quite  similarly. 

To  detect  the  magnesia,  lime,  alumina,  and  trifling  amount  of 
iron  in  these  minerals,  they  must  be  powdered  and  fused  with  soda, 
borax,  and  silver  on  coal  in  E.  F.  and  further  treated  according  to 
p.  155. 

Morenosite  yields  acid  water  in  the  matrass,  swells  up  and  hardens, 
becoming  yellow  and  opaque.  With  borax  and  S.  Ph.  a  distinct 
nickel  reaction.  The  Eiechelsdorf  mineral  colors  the  outer  flame 
blue,  from  the  presence  of  arsenic  (Dana).  A  sulphur  reaction  ia 
obtained  with  soda  in  E.  F. 
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c.  Examioiatmifor  nickel  in  metallurgical  prodiicts. 

The  method  of  examiniug  products  for  nickel  has  been  given, 
partly  under  the  general  examination  for  iron,  p.  222,  and  partly 
under  the  description  of  products  containing  iron,  p.  234. 


6.  Zinc,  Zn. 

Its  occurrence  in  the  nmieral  hingdom  and  in  metallurgical 

products. 

Zinc  occurs  in  nature  under  the  following  conditions: 

a.  Metallic,  as 

Native  ziuc,  Zn  with  some  Fe  and  Cd.    It  has  heretofore  been  found 

only  in  Australian  basalt  and  gold  sands. 

i.  Combined  with  sulphur  in  j 

Sphalerite  {zinc  blende),  yellow,  green,  red,  brown,  and  black,  very 

rarely  colorless.     The  purest,  colorless  variety  is  Zn,  with  66.9 

Zn.     The  colored  varieties  contain  more  or  less  sulphide  of  iron ; 

.  .      .    '  ' 

the  blackish-brown  variety,  from  various  localities,  is  Fe  +  4  Zn, 

with  54.5  Zn ;  marmatite,  or  black  blende,  is  Fe  -[-  3  Zn,  with 
51.5  Zn;  christophite  is  Fe  +  2  Zn,  with  46.1  Zn.  A  frequent 
constituent  of  sphalerite  is  Cd;  Mn  occasionally  occurs,  par- 
ticularly in  the  black  variety,  which  not  unfrequently  contains 
tin;  finally,  sphalerite  (the  blackish-brown  or  brown  variety) 
seems,  thus  far,  to  be  the  mineral  in  which  indium  especially 
occurs. 

LelerUende,  Zn  mixed  with  organic  substances. 

Wurtzite, — Zn,  like  sphalerite  in  composition. 

Zincfahlerz  [KupferUende),  vide  copper. 

A  little  zinc  also  occurs  in  certain  galenas,  viz.,  from  Przibram, 

containing  2  to  3.5  per  cent.  Zn,  vide  lead;  in  jamesonite,  vide  lead; 

in  stannite,  vide  tin,  and  in  tetrahedi'ite,  vide  copper. 

c.  In  a  combination  of  sulphide  with  oxide. 

Voltzite, — ^n  +  4  Zn,  with  69.2  Zn,  but  containing  a  little  ^e. 

d.  As  oxide  in 

Zincite, — 2n,  with  80.2  Zn;  generally  mixed  with  more  or  less  Sn, 
franklinite,  or  magnetite. 

e.  As  oxide  combined  with  other  metallic  oxides  in 
Franklinite,  vide  maiigauese. 
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/.  Combined  with  sulplmric  acid  in 

Goslarite  {zinc  vitriol), — 2n  H  +  7  li,  with  22.6  Zn,  but  often  con- 
taining oxides  of  Mn,  Fe,  and  Cu,  with  earthy  matters,  as  im- 
purities ; 

Zincosite,  perhaps  %n  S'; 

Glockerite,  vide  iron. 
g.  Combined  with  carbonic  acid  in 

Smithsonite, — I^n  C,  with  52  Zn,  but  in  most  varieties  some  2n  is 
replaced  by  other  oxides  and  by  earths,  viz.,  Ve,  Mm,  Cd,  Cu,  I'b, 
Ca,  and  ]ilg,  so  that  the  ^n  C  may  sink  to  40  per  cent. ;  many 
varieties  also  contain  intermixed  calamine.  < 

Hydrozincite  {zi7ic  bloom), — 2n  0  +  2  2n  H,  with  57.1  Zn ; 

Aurichalcite  {buratite),—%n'  C  +  2  fl)  +  (Cu'  C  +  A),  with  35.8 
Zn  and  23.2  Cu.     Buratite  contains  a  little  Ca ; 

Iglesiasite  {Zincbleispath),—2iii  C  +  6  I*b  C,  with  3.7  Zn  and  71.8 
Pb. 
h.  Combined  with  arsenic  acid  in 

Kottigite  from  Schneeberg, — 2n°  As  '+  8  fl,  with  part  of  the  Sin 
replaced  by  Co  (6.9  per  cent.)  and  JSTi  (2  per  cent.). 

Adamite, — ^n'  As  +  2n  fi  (Dana). 

i.  With  silicic  acid  in 
Willemite  III,  IG, — ^n"  Bi,  with  72.9  Zn,  but  often  containing  a  lit- 
tle Mn,  £'e,  Ca,  and  liLg ; 
Troostite  II-III, — willemite  with  part  of  the  ^n  replaced  by  Mn,  ^e, 

and  Mg ; 
Calamine  {hydrous  silicate  of  zinc)  II-III,  IG, — ^n"  Si  +  !fi,  with 
67.5  2n,  but  sometimes  containing  a  little  I*b. 
Oxide  of  zinc  also  forms  a  trifling  ingredient  in 
Jefiersonite,  vide  lime. 

Tc.  Combined  with  alumiria  in 
Gahnite  {automoUte)  III,— (2;n,  Sig,  f^e)  Al,  with  19.4  to  27.9  Zn ; 
allied  to  it  are 

Kreittonite  III,— {In,  f'e,  ^g,  Ikin)  +  (Al,  3^e),  containing  21.3  Zn, 

and 
Dysluite,— (Zn,  it'e,  IVIn)  +  (Al,  l^e),  with  13.4  Zn. 

Zinc  occurs  in  various  metallurgical  products : 

a.  Metallic  in 
Raw  zinc,  containing  usually  a  little  Pb,  Fe,  Cd,  and  sometimes  In, 
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The  first  portions  distilled  from  cadmiferous  ores  are  particularly 
rich  in  cadmium. 

h.  Combined  with  sidphur  iu  yarious  products  consisting  of 
metallic  sulphides,  viz.,  Rohstein,\ea.d  and  copper  matte,  cadmia  from 
the  Bohofen  and  lead  furnaces,  when  these  products  result  from 
silver,  lead  or  copper  ores  containing  blende. 

c.  As  oxide,  which  collects  at  the  commencement  of  the  zinc 
distillation  in  the  condensers,  together  with  metallic  zinc,  as  well  as 
during  the  further  progress  of  the  operation;  the  first  portions  are 
usually  very  rich  in  cadmium ;  the  oxide  also  is  found  in  the  slags 
and  flue  rakings  produced  by  smelting  roasted  silver  ores  containing 
blende  in  shaft  and  reverberatory  furnaces. 

Here  is  included  also  the  cadmia  ( Gichtenschwamm)  of  the  iron 
blast-furnaces,  which  sometimes  consists  of  pure  crystallized  oxide 
of  zinc,  but  frequently  forms  only  a  compact  mass  of  oxides  of  zinc 
and  iron  mixed  with  earthy  particles.  Finally  the  Roliofenhlume 
must  be  mentioned,  which  collects  as  a  white  coat  on  the  breast  of 
the  Mohofen  and  consists,  when  ores  containing  blende  are  smelted, 
chiefly  of  oxide  of  zinc,  but  is  often  mixed  with  sulphate  and 
carbonate  of  lead  and  with  the  acids  of  antimony. 

Examination  for  Zinc, 

Including  the  hlo^upi2)e  characteristics  of  the  minerals  mentioned 

above. 

a.  Geiieral  examination  for  zinc. 

The  examination  for  zinc  is  very  simple,  as  the  metal  is  volatile, 
while  its  oxide  is  fixed  in  the  0.  F.,  and  is  very  certain  in  case  the 
substance  contains  much  zinc,  or  if  containing  little  zinc  is  free 
from  other  metals  or  oxides,  which  are  reduced  on  coal  and  form  a 
coat.  When,  however,  a  very  small  amount  of  zinc  is  present  with 
much  lead,  antimony,  or  bismuth,  for  example,  it  cannot  always  be 
certainly  detected  by  the  blowpipe. 

Substances  containing  much  zinc,  either  as  sulphide 

ji.jiii.i.1  i.--  1       Metallic  sulphides, 

or  oxide,  are  treated  alone,  but  those  containing  only  oxidus,  etc. 
a  little  may  be  powdered  and  fused  with  sufficient 
soda  on  coal  in  E.  F.;  generally,  however,  the  latter  will  also  afford 
a  distinct  zinc  coat  with  a  good  R.  F.  alone.  When  the  substance  is 
a  combination  of  metallic  oxides,  or  contains  possibly  some  earths  m 
addition,  a  mixture  of  two  parts  of  soda  with  one  to  one-and-a-half 
of  borax  is  employed.     The  zinc  is  thus  volatilized  as  metal,  but 
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immediately  oxidizes  again  and  deposits  on  the  coal  a  coat,  which  is 
yellow  while  hot  and  white  when  perfectly  cold.  This  coat  is  espe- 
cially characterized  by  the  green  color  which  it  assumes  when 
moistened  with  cobalt  solution,  and  ignited  in  0.  F,,  p.  111.*  If 
the  substance  contains  much  lead,  the  zinc  coat,  although  not. so  far 
from  the  assay  as  the  lead  coat,  is  usually  rendered  impure  by  oxide 
of  lead.  On  moistening  such  a  coat  with  cobalt  solution  and  care- 
fully igniting  it  in  0.  F.,  the  oxide  of  lead  is  reduced  by  the  glowing 
coal  and  volatilizes,  leaving  the  oxide  of  zinc,  which  assumes  a  green 
color  on  cooling.  Should  the  zinc  coat  be  so  thin  that  it  is  liable  to 
be  blown  away  after  being  moistened  with  cobalt  solution,  a  decisive 
result  may  not  always  be  obtained,  and  it  is  then  better  to  moisten 
the  coal  where  the  zinc  coat  generally  forms  with  the  solution  before 
treating  the  substance  with  the  flame.  A  single  drop  spread  out 
with  a  glass  rod  is  sufficient  for  detecting  a  little  zinc.  Since  it  is 
necessary  to  treat  the  substance  for  some  time  with  the  blowjDipe 
flame  the  moistened  spot  is  ignited  at  the  same  time,  any  oxide  of 
lead  or  bismuth  mixed  with  the  oxide  of  zinc  is  removed,  and  the 
deposited  zinc  coat  appears  distinctly  green  when  cold.  A  similar 
process  may  be  used  in  case  of  a .  feeble  coat  already  formed  by 
moistening  the  latter,  and  then  directing  the  flame  not  upon  it,  but 
directing  the  E.  F.  again  upon  the  assay  on  the  coal,  whereby  more 
zinc  is  volatilized,  while  the  already  moistened  coat  is  ignited 
throughout. 

It  must  be  borne  in  mind,  however,  that  when  the  substance 
contains  little  or  no  zinc,  but  much  antimony,  and  the  coal  is  moist- 
ened before  employing  the  blowpipe,  a  combination  of  cobalt  with 
one  of  the  acids  of  antimony  will  be  formed,  which  likewise  has  a 
green  color  and  cannot  be  driven  off  with  the  0.  F.,  p.  92.  In  this 
case  a  little  zinc  can  only  be  found  with  difficulty  before  the 
blowpipe. 

With  many  compounds,  however,  as  in  antimonial  tetrahedrite, 
it  is  possible  first  to  volatilize  nearly  all  of  the  antimony  with  the 


*  While  experimenting  with  a  solution  of  gum  shellac  in  alcohol,  the  translator 
noticed  the  curious  fact  that  oxide  of  zinc  assumes  a  very  decided  pink  color,  when 
moistened  with  such  a  solution,  while  oxide  of  tin  suffers  no  further  change  in  color 
than  is  due  to  the  yellow  tinge  of  the  solution.  Although  not  so  delicate  as  the  cobalt 
solution  test,  this  behavior  might  still  be  of  some  use.  Moistened  with  the  same 
solution  magnesia  assumes  a  more  reddish-pink  color  ;  alumina  an  indistinct  yellow 
color,  with  a  shade  of  red;  while  silica  and  phosphate  of  magnesia  give  no  decided 
color.  The  substances  need  only  be  moistened  with  the  solution,  and  must  not  be 
heated. 
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0.  F.  and  to  remove  the  oxide  of  antimony  from  the  coal  by  directing 
the  flame  npon  it,  after  which  the  zinc  may  be  detected  by  treating 
the  residue  in  the  E.  F.  as  above.  When  tin  is  present  zinc  cannot 
be  recognized  by  the  coat  formed  on  coal,  as  its  oxide  is  then  mingled 
with  binoxide  of  tin,  which  assumes  a  bluish-green  color  with 
cobalt  solution,  p.  111. 

h.  Behavior  of  the  above-7iamed  zinciferous  minerals  lefore 

the  bloiopipe. 

COMPOUNDS   OF   ZINC    WITH   SULPHUK. 

Sphalerite  in  the  closed  tube  sometimes  decrepitates  with  great 
violence,  but  yields  nothing  volatile  and  generally  retains  its  color. 
The  ignited  assay  being  strongly  heated  in  the  open  tube  evolves 
sulphurous  acid,  and  if  heated  for  a  sufficient  time  appears  yellowish 
or  brownish-red,  according  as  it  contains  little  or  much  iron. 

Treated  alone  in  R.  F.  on  coal  it  first  yields  a  feeble,  reddish- 
brown  coat  of  oxide  of  cadmium,  unless  too  little  cadmium  is 
present,  but  afterward  a  distinct  zinc  coat ;  it  is  infusible.  In  0.  F. 
it  roasts  completely,  but  rather  slowly,  and  then  with  borax  readily 
shows  whether  much  or  little  iron  is  present.  With  soda  on  coal  it 
aflbrds  zinc  and  cadmium  coats. 

Leherblende  yields  in  the  matrass  water  and  a  trifling  sulphur 
sublimate;  at  first  an  odor  of  sulphuretted  hydrogen  is  also  evolved, 
■which  afterward  changes  to  a  burnt  odor.  It  decrepitates  violently 
and  becomes  more  or  less  black.  The  variety  from  Cornwall 
becomes  nearly  black,  but  there  are  varieties  which,  on  the  contrary, 
assume  a  lighter  color,  viz.,  from  Hochmuth,  near  Geyer,  Saxony. 
The  mineral  after  treatment  in  the  matrass  behaves  like  sphalerite. 

Wurtzite  B.  B.  behaves  like  sphalerite. 

THE   COMPOUND   OF   SULPHIDE   "WITH    OXIDE   OF   ZINC. 

Voltzite  behaves  like  sphalerite  containing  only  traces  of  iron. 

OXIDE   OF  ZINC. 

Zincite  {red-oxide  of  zinc)  is  infusible.  With  borax  in  0.  F. 
dissolves  easily  and  shows  manganese.  The  strongly  saturated  glass 
treated  a  short  time  in  E.  F.  loses  the  manganese  color  and  generally 
shows  a  yellow,  or  bottle-green,  iron  color.  The  glass  on  coal  in 
E.  F.  aff"ords  a  zinc  coat.  Treated  on  coal  alone,  or  with  soda,  it 
affords  u  strong  zinc  coat ;  on  platinum  foil  a  manganese  reaction. 
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OXIDE   OF   ZllSrC    COMBIKED   WITH   ACIDS. 

Goslarite  alone  in  the  matrass  yields  water;  with  charcoal  dust, 
sulphurous  acid.  With  the  fluxes  behaves  like  oxide  of  zinc  and 
sometimes  shows  reactions  for  manganese,  iron,  and  copper.  It  is 
decomposed  with  soda  on  coal,  yielding  a  strong  zinc  coat  and 
sulphide  of  sodium,  which  sinks  into  the  coal. 

Smithsonite  in  the  matrass  yields  carbonic  acid  and,  if  nearly  free 
from  other  metallic  oxides,  is  yellow  while  hot  and  white  on  cooling. 
The  white  mass  reacts  with  the  fluxes  either  for  zinc  alone,  or  also 
for  iron.  If  considerable  protoxide  of  iron  and  manganese  are 
present  the  ignited  mineral  becomes  quite  dark,  is  magnetic  and 
reacts  strongly  for  iron  and  manganese  with  the  fluxes.  Cupriferous 
smithsonite  imparts  a  lasting  green  tinge  to  the  flame,  even  if  very 
little  copper  is  present.  The  copper  can  be  detected  readily  with 
S.  Ph.  and  tin.  The  unignited  mineral  dissolves  readily  with 
efiervescence  in  the  fluxes.  Alone,  or  with  soda,  on  coal  in  E.  F.  it 
is  decomposed,  and  with  a  sufiiciently  strong  blast  may  even  afford  a 
zinc  flame.  At  first  only  a  cadmium  coat  is  perceptible,  but  after- 
ward zinc  alone. 

Hych'ozincite  yields  water  in  the  matrass,  loses  its  carbonic  acid 
and  then  behaves  like  oxide  of  zinc.  Alone  on  coal  in  E.  F.  most 
of  it  is  gradually  volatilized,  forming  a  strong  zinc  coat  and  leaving 
generally  a  trifling  scoria,  which,  with  borax,  shows  the  iron 
reactions. 

AuricJialcite  {huratite)  yields  water  in  the  matrass,  and  the  green 
(with  buratifce  blue)  color  changes  to  black.  Dissolves  with  efier- 
vescence in  the  fluxes  to  a  clear  glass  and  shows  copper.  The  glass 
on  coal  with  tin  becomes  red  and  opaque  on  cooling,  while  a  feeble 
zinc  coat  is  obtained.  With  soda  on  coal  in  E.  F.  a  strong  zinc  coat 
and  a  residue  in  which  metallic  copper  can  be  detected  by  wa,shing. 
The  trifling  amount  of  Oa  in  buratite,  which  seems  to  replace  some 
2n,  [or  more  probably  results  from  intermingled  calcite,  Dana,]  is 
found  by  reducing  the  Cu  and  Zn  on  coal  with  soda  and  borax  and  a 
gold  or  silver  button ;  most  of  the  Zn  volatilizes  and  the  glass  is 
then  treated  according  to  p.  155. 

Iglesiasite  fuses  in  0.  F.  on  platinum  foil  to  a  clear  yellow  glass. 
With  the  fluxes  it  'dissolves  with  effervescence  to  a  yellowish  glass, 
colorless  on  cooling,  which  affords  a  lead  coat  in  E.  F.  on  coal. 
Alone,  or  with  soda,  on  coal  it  is  reduced  with  effervescence  to 
metallic  lead  and  forms  a  lead  coat,  with  a  second  white  coat,  near 
the  assay,  which  assumes  a  green  color  with  cobalt  solution  (zinc). 
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KoUigite  in  the  matrass  yields  much  water.  Fuses  on  coal  in 
0.  F.  to  a  globule,  which  in  E.  F.  evolves  an  arsenical  odor,  coats  the 
coal  with  oxide  of  zinc,  and  is  black  when  cold.  In  the  forceps 
fuses  easily  to  a  bead,  giving  a  strong,  light-blue  flame.  Dissolves 
largely  in  the  fluxes,  showing  cobalt ;  the  strongly  saturated  glass  on 
coal  in  R.  F.  affords  a  zinc  coat.  With  soda,  or  neutral  oxalate  of 
potassa,  on  coal  in  E.  F.  much  zinc  is  reduced,  forming  a  very 
strong  zinc  coat. 

Adamite,  according  to  Dana,  decrepitates  feebly  in  the  closed 
tube,  yields  a  little  water,  and  becomes  white  and  porcelanous. 
On  coal  a  zinc  coat  and  feeble  arsenic  odor,  and  in  the  closed  tube 
with  soda  and  charcoal  a  ring  of  arsenic.  With  borax  in  0.  F.  a 
pearl-yellow  bead,  colorless  on  cooling. 

SILICATES   OF   ZINC. 

The  hydrous  silicate,  calamine  yields  water  and  becomes  milk- 
white  in  the  matrass.  B.  B.  the  silicates  of  zinc  are  infusible. 
(According  to  Dana,  toiUemite  glows  in  the  forceps  and  fuses  with 
difiiculty  to  a  white  enamel ;  the  New  Jersey  varieties  fuse  from  3.5 
to  4.)  They  dissolve  in  borax  to  a  clear  glass,  that  cannot  be  made 
opaque  by  flaming ;  the  clear  S.  Ph.  glass  becomes  cloudy  on  cooling ; 
and  when  strongly  saturated  the  still  warm  glass  shows  a  little 
separated  silica.  They  are  not  dissolved  by  soda  alone  on  coal,  but 
swell  and  afibrd  a  zinc  coat  with  difficulty.  With  two  parts  soda 
and  one  borax,  however,  all  of  the  zinc  is  reduced  and  volatilized, 
while  the  silica  fuses  with  the  flux  to  a  glass,  which  with  borax  in 
0.  F.  sometimes  shows  iron.  Any  lead  present  will  cause  a  slight 
lead  coat  behind  the  coat  of  oxide  of  zinc.  Silica  and  the  earths 
present  may  be  found  by  treating  the  glass  in  the  wet  way.  With 
soda  and  nitre  a  manganese  reaction  is  occasionally  obtained. 

COMPOUNDS  OF  OXIDE  OF  ZINC   WITH  ALUMINA. 

Gahnite  (automolife)  is  unchanged  in  the  matrass  and  forceps. 
Even  the  fine  powder  dissolves  with  extreme  difficulty  in  borax  and 
S.  Ph.,  without  showing  iron  distinctly.  It  only  forms  a  dark  slag 
with  soda,  but  dissolves  readily  in  a  mixture  of  equal  parts  of  borax 
and  soda,  yielding  a  vitriol-green  glass  and  a  distinct  zinc  coat,  if  the 
E.  F.  is  strong  enough.  With  soda  and  nitre  gives  a  manganese 
reaction. 

Kreittonite  behaves  like  gahnite,  but  with  the  glass  fluxes  dissolves 
with  difficulty  and  shows  a  notable  amount  of  iron. 
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Dysluite  probably  dissolves  somewhat  more  easily  and  shows 
a  stronger  iron  reaction  than  kreittonite,  but  less  zinc. 

To  detect  alumina  and  magnesia  the  glass  obtained  by  treating  the 
mineral  with  soda  and  borax  is  pulverized  in  the  steel  mortar  and 
further  treated  in  the  wet  way. 

c.  Examination  for  zinc  in  furnace  products. 

The  method  of  testing  the  products  above  mentioned,  both  for 
zinc  and  other  constituents,  may  be  deduced  partly  from  the  general 
examination  for  zinc,  p.  250,  et  seq.,  and  partly  from  the  remarks  on 
products  containing  iron  and  zinc,  p.  235. 

7.  Cadmium,  Cd. 

Its  occurrence  in  the  mineral  kingdom  and  in  metallurgical 

products. 

Cadmium  belongs  to  the  rarer  metals  and  occurs : 

a.  Combined  with  sulphur  in 
Greenockite, — Cd,  with  77.6  Cd.     Sulphide  of  cadmium  occurs  as 
an  accessory  ingredient  in  certain  varieties  of  sphalerite. 

i.  As  oxide  combined  with  carbo7iic  acid  in 
Smithsonite,  in  which  it  forms  only  a  minor,  accidental  ingredient, 
vide  zinc. 

In  metallurgical  products  cadmium  occurs  particularly  in  the 
oxide  of  zinc  and  dust  (Zinkstaub)  which  pass  over  first  during  the 
distillation  of  zinc  from  ores. 

Examination  for  Cadmium, 

Including  the  hloiupipe  characteristics  of  cadmiferous  minerals, 
a.  General  examination  for  cadmium. 

Cadmium  can  only  be  detected  as  oxide  by  the  blowpipe,  owing  to 
its  volatility.  The  substance  is  treated  for  some  time  with  the  R.  F. 
on  coal,  when  the  cadmium  is  volatilized  as  metal,  but  oxidizes  at 
once  in  contact  with  the  air.  The  oxide  is  mostly  deposited  on  the 
coal  and  when  cold  may  be  recognized  by  its  brown  color,  which, 
however,  is  only  orange-yellow  in  thin  layers,  p.  67.  When  there  is 
very  little  cadmium  and  the  coat  cannot  be  easily  obtained  the 
powdered  substance  should  be  mixed  with  soda  and  treated  a  very 
short  time  in  R.  F.;  a  more  distinct  cadmium  coat  is  then  obtained. 
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In  blowing  too  long  some  zinc  is  also  volatilized  and  Us  oxide  some- 
times renders  the  cadmium  coat  less  distinct. 

b.  Blotvpipe  characteristics  of  cadmium  minerals. 

GreenocMte  feebly  heated  in  the  closed  tube  assumes  a  transient 
carmine-red  color.  In  the  open  tube  it  yields  sulphurous  acid. 
Alone  on  coal  it  affords  a  distinct  coat  of  oxide,  and  with  soda  a 
very  abundant  reddish-brown  coat,  while  most  of  the  soda  sinks  into 
the  coal,  and  evolves  an  odor  of  sulphuretted  hydrogen  when 
moistened. 

For  sphalerite  and  smithsonite,  vide  zinc. 

8.  Lead,  Pb. 

Its  occurrence  in  the  mineral  hingdom  and  in  metallurgical 

products. 

Lead  is  quite  widely  distributed  in  nature;  it  occurs: 

a.  Metallic  in 
Native  lead, — Pb. 

h.  Combined  with  tellurium  in 
Altaite, — Pb  Te,  mixed  with  Ag  Te  and  containing  60.3  Pb  and 

1.3  Ag; 
Sylvanite,  vide  gold. 

c.  Combined  with  selenium  in 

Clausthalite, — Pb,  Se,  with  72.3  Pb,  sometimes  containing  some  Ag, 

or  a  little  Co ; 
Tilkerodite,— Co  Se"  -|-  6  Pb  Se,  with  64.2  Pb  and  3.1  Co,  but  not 

quite  free  from  Fe ;  it  is  retained  under  clausthalite  by  Dana; 
Zorgite  (SelenNeikupfer  and  Selenkupferhlei) ;  compounds  of  Cu"  Se 

and  Cu  Se  with  Pb  Se  in  varying  proportions ;  the  lead  varies 

from  48.4  to  65.1  per  cent,  and  the  copper  from  4  to  15.7 ; 
Lehrbachite, — a  mixture  of  Hg  Se  and  Pb  Se  in  very  variable  pro-. 

portions,  with  27.3  to  55.8  Pb. 

d.  Combined  with  sulphur  in 

Galenite  (galena), — Pb  with  86.6  Pb,  but  frequently  containing  a  lit- 
I       lit      t  I 

tie  Ag,  Sb,  Fe,  and  Zn  ;   Bleischtoeif,  or  compact  galena,  fre- 

quently  contams  Sb  and  also  Zn ; 

•  '  '" 

fetemmannite  from  Przibram,  Pb  and  Sb  in  proportions  as  yet  un- 
known (probably  only  impure  galena,  according  to  Dana) ; 

Geocronite, — Pb'  Sb  ;  the  varieties  from  Sala  and  Tuscany  =:  4  Pb* 

III  I      III  '' 

8b  +  3  Pb'  As,  with  C9.5  Pb.    A  little  Cu  and  Fe  is  present ; 

17 
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Kilbrickenite  {geocronite,  Dana),— Pb'  8b,  with   70.1   Pb,  but  not 

quite  free  from  Fe ; 
Meneghinite, — Pb*  8b,  with  64  Pb,  but  some  Ou  seems  to  be  mixed 

with  it,  and  it  is  not  quite  free  from  Fe ; 

I         in 

Boulangerite  {emlritliite,  plumbostih), — Pb^  Sb,  with  58.9  Pb  and  a 
little  Fe,  Cu,  and  Zn  ; 

Dufrenoysite,— Pb'  As,  with  57.1  Pb  and  a  little  Ag  and  Fe;  but 
the  combination  Pb  As  also  occurs,  with  42.6  Pb  {sartorite,  of 
Dana) ; 

Feather  ore  (Jieteromorpliite,  referred  to  jamesonite  by  Eammelsberg), 
— Pb'  Sb,  with  50.8  Pb ;  almost  always  containing  some  Cu,  Fe, 
Zn; 

Jamesonite, — Pb'  Sb',  with  43.7  Pb,  but  part  of  the  Pb  always  re- 
placed by  2  to  4  per  cent.  Fe,  while  some  Cu,  Zn,  or  Bi  is  also 

present ; 

I      III 
Plagionite,— Pb'  8b*  with  40.7  Pb; 

I     III 
Zinkenite, — Pb  Sb,  with  35.9  Pb  and  traces  of  Cu ; 

Zundererz,  probably  a  mixture  of  jainesonite  {feather  ore),  dufrenoy- 

site,  arsenopyrite  and  red  silver  ore,  with  43  Pb ; 
Clayite,— (Pb  Cu)  (S,  As,  Sb),  with  67.4  Pb  and  5.6  Cu; 
Cuproplumbite, — Gu  +  Pb',  with  64.9  Pb  and  19.5  Cu  (probably  a 

mixture  of  galenite  and  chalcocite,  Dana) ; 
Alisonite, — 3   Ou  +  Pb,  with  28.9  Pb   and   53.1    Cu,  is   mentioned 

under  covellite  by  Dana,  who  regards  it  as  probably  resulting 

from  the  alteration  of  galenite  ; 
Nagyagite,  occurring  apparently  with  and  without  antimony;  the 

latter  is  nearly  (Pb,  Au)  (S,  Te),  containing  50.9  to  54.4  Pb  and 

8.3  to  9.1  Au ;  the  former  =  (Pb,  An)'  (S,  Te,  Sb)',  with  60.5  to 

63.1  Pb  and  5.9  to  6.7  Au ; 
Bournonite,— du'  Sb  +  2  JPb'  §'b,  with  42.5  Pb  and  13  Cu ; 
Kobellite, — according  to  G.  Eose,  perhaps  2  Pb'  Sb  +  3  Pb'  Bi,  with 

40.1  Pb,  25.2  Bi,  and  a  little  Cu  and  Fe ;  for  the  pure  mineral 

Eammelsberg  gives  Pb'  Bi  +  Pb'  8b,  with  53  Pb  and  20  Bi; 
Aikinite  {acicular  bismuth)  from  Beresof,  Siberia, — On'  Bi  +  2  Pb 

]§i,  with  36  Pb,  36.2  Bi,  and  11  Cu; 
Chiviatite,— du  Bi'  +  4  Pb'  Si',  with  16.7  Pb,  62.9  Bi,  and  2.5  Cu; 
Wolchite  {Antimoyihupferglanz),  vide  copper; 
Freieslebenite, 


_  .     ^.,       I    m/e  silver. 

Brongniardite, 
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e.  Combined  with  cMo7'ine  in 
Cotunnite,— Pb  CI,  with  74.4  Pb ; 
Mendipite,— Pb  CI  +  2  Ph,  with  85.8  Pb  and  sometimes  a  little  fb, 

0,  and  li ; 
Matlockite,— Pb  CI  +  f  b,  with  83  Pb ; 
Phosgenite  {corneous  lead), — Pb  CI  +  f*b  C,  with  73.8  Pb ; 
Percylite,  according  to  Percy —(Pb  CI  +  Ph)  +  (Cu  CI  +  Cu)  +  fi; 
Schwartzembergite,— probably  Pb  (I,  CI)  +  2  I'b  (Dana). 

/.  As  oxide  in 
Massicot,— f*b,  with  92.8  Pb,  but  often  mixed  with  more  or  less  tb 

0,  Ca,  f  e,  and  S'i ; 
Mjnium, — t*b  Pb ; 

Plattnerite, — Pb,  with  86.6  Pb  and  occasionally  traces  of  S*. 
g.  Combined  with  acids. 

a.  With  sulphttric  acid  in 
Anglesite, — f'b  S",  with  68.3  Pb,  but  always  containing  some  S  and 

occasionally  j^e  and  Mn  ; 
Linarite,— Pb  iS  +  On  fl,  with  51.7  Pb  and  15.7  Cu ; 
Caledonite,— according  to  von  Kobell,— 3  Pb  8  +  2  I'b  C  +  Cu  0, 

with  63.5  Pb  and  5.8  Cu ; 
Lanarkite,— f'b  !S  +  Pb  C,  with  72.5  Pb ; 
Leadhillite  and  susannite,— Pb  H  +  3  Pb  C,  with  75  Pb ; 
Lampropbanite, — S,  Pb,  Mn,  ilLg,  Ca  (JSTa,  it),  fi,  (Dana). 
|3.  With  phosphoric  acid  in 

Pyromorphite, — 3  Pb'  P  +  Pb  CI,  with  76.2  Pb ;  occasionally  some 

P*  is  replaced  by  As,  part  of  the  Pb  by  Ca,  especially  in  the 
brown  varieties  polysphcerite  and  miesite  and  in  nussierite,  while 
some  Pb  CI  is  replaced  by  Ca  F,  so  that  the  amount  of  lead  is 
diminished; 

Plumbogummite, — Pb'  P*  +  6  'A\  P[',  according  to  an  analysis  by 
Damour;  but  it  is  probable  from  other  analyses  that  plumbo- 
gummite is  not  of  constant  composition. 
y.  With  arsenic  acid  in 

Mimetite, — 3  Pb'  Xs  +  Pb  CI,  with  69.5  Pb.  Isomorphous  mixtures 
of  this  combination  with  the  corresponding  phosphates  and 
analogous  lime  compounds  also   occur.     Hedyphano   is  such  a 

variety   containing— 3  (Pb,  Ca)'  (P,  As)  +  Pb  CI,  with  49  Pb. 
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Ca7n2JyUte  contains  a  little  chromate  of  lead  and  much  phoa> 

phoric  acid. 
Carminite,  vide  iron. 

<5.  With  carbonic  acid  in 
Cerussite  — I'b  0  with  77.6  Pb ; 
Earthy  carbonate  of  lead  {erdiges  WeissUeierz),  with  a  little  Ca  and 

Plumbocalcite,  vide  lime ; 

Tarnovicite,  vide  aragonite,  under  lime ; 

Iglesiasite,  vide  zinc. 

s.  With  selenous  acid  in 

Kerstenite,  selenite  of  lead, — Pb,  §e,  Cu,  and  l^e. 
^.  With  chromic  acid  in 

Phoenicochroite,— Pb'  Cr^  with  70.8  Pb ; 

Crocoite  {red  lead  ore), — Pb  C'r  with  63.2  Pb; 

Vauquelinite  — Ou=  CV  +  3  Pb''  Cr',  with  56.4  Pb  and  8.6  Cu. 
7}.  With  vanadic  acid  in 

Descloizite, — f*b*  T,  with  65.7  Pb,  but  containing  some  Zn,  Cu,  liln, 
i'e,  CI,  and  3 ;   Vanadit  may  belong  here,  Dana ; 

Dechenite, — Pb  V,  with  50.7  Pb  ;  according  to  Dana,  should  pro- 
bably always  be  written  (f  b,  Zn)  T,  with,  in  one  analysis,  21.4 
2n; 

Van adinite  from  Zimapan,— Pb  CI  +  3  fb'  T,  with  about  66  Pb  and 
a  little  Zn,  Cu,  Pe,  and  §i.     The  rarieties  from  Windischkappel 

and  Beresof  contain  P  and  may,  therefore,  be  regarded  as  iso- 
morphous  mixtures  of  pyromorphite  with  the  aboye  ; 

Eusynchite  (according  to  Eammelsberg — (Pb,  Zn)'  (P,  As)  +  15 
(f*b,  ^n)'  V,  with  53.5  Pb)  and  arceoxene  (according  to  Berg- 

mann— (f»b,  Zn)"  Is  +  2  (tb,  Zn)'  f,  with  47.4  Pb)  are  re- 
garded as  varieties  of  dechenite  by  Dana ; 
£ih\\Qiie{VanadinTcupferhleierz)—W  (Is,'?)  +  3  (I'b,  Cu)' V, with 
about  56.2  Pb  and  14.2  Cu.     Probably  a  mixture.     Accordiug 

to  Dana,  if  P  and  As  are  regarded  as  belonging  to  the  associated 
arseno-phosphate  of  lead,  the  formula  is  Pb°  V  +  Cu'  T. 
&.  With  molyhdic  acid  in 
Wulfenite  {yeUoiu  lead  ore), — Pb  Mo,  with  57  Pb,  and  occasionally  a 
little  "Be,  Cr,  and  ?. 
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I.  With  tungstic  acid  in 
Stolzite,— l*b  W,  with  44.9  Pb,  but  not  free  from  Ca,  Fe,  and  Sin. 
X.  With  antimonic  acid  in 

Bindheimite  {Bleiniere)  from  Nertschinsk, — 2  f*b'  Isb  +  7  fl,  with 

59  Pb.     The  Horrhausen  variety— 2  l*b'  Sb  +  5  II,  with  51  Pb. 
Similar  varieties  from  Cornwall  contain  still  less  Pb ; 

Monimolite,— (I*b,  Ve,  Mu,  Ca,  Ug)'  B'b,  with  42.4  f  b  (Dana). 

Lead  occurs  under  various  conditions  in  metallurgical  jDroducts 
^obtained  in  the  treatment  of  plurabiferous  ores : 

a.  Metallic  in 

Various  sorts  of  lead  which  are  met  in  commerce,  but  occasionally 
contain  traces  of  Cu,  Sb,  As,  and  Ag ; 

Lead  from  Ahstrich  [Ahstricliblei,  shimmed  lead),  often  containing 
much  Sb,  As,  some  Cu  and  Fe,  and  sometimes  also  Ag  and  S ; 

Silver  lead,  or  raio  lead,  a  compound  of  Pb  and  Ag,  in  which,  how- 
ever, small  quantities  of  Cu,  Sb,  As,  Zn,  Ni,  Fe,  S,  and  some- 
times a  little  Au  are  contained ; 

Black  copper,  which  is  extracted  from  plumbiferous  copper  matts 
and  frequently  contains  several  metals  besides  Cu  and  Pb,  vide 
iron. 

b.  Combined  with  sulphur  in  the  various  matt-like  products  ob- 
tained in  smelting  lead  ores,  or  plumbiferous  silver  ores ;  also  in  lead 
speiss  and  in  plumbiferous  cadmia,  vide  these  products,  under  iron, 
p.  223. 

c.  In  the  state  of  oxide  in 

Litharge, — f  b,  sometimes  containing  a  little  Cu,  Ag,  'S,  and  dissem- 
inated portions  of  the  mass  of  the  furnace ;  when  very  impure 

it  contains  also  Sb  and  As  combined  with  fb  ; 

Ahstrich, — I*b  mixed  with  various  substances,  viz.:  Pb'  Sb,  tb'  As, 

f  b  B',  Cu,  ISl,  l^'e,  and  Ag; 
Alzug, — f*b  mixed  with  the .  same  substances  as  abstrich  and  also 

with  Pb,  Fe,  and  the  hearth  mass ; 
Cupellation  hearth  permeated  with  litharge  ; 
Lead  smoke,  or  ftwies,  from  lead  smelting,  sometimes  consisting  cliiefly 

of  Pb  C,  mixed  with  other  metallic  oxides;  frequently,  however,  it 

contains  Pb,  tb  S',  Pb  Si,  etc.,  with  disseminated  particles  of 

ore; 
Lead  smoke  from  cupelling  and  refining  the  lead;  it  also  consista 
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chiefly  of  Ph  0,  but  frequently  contains  Ph'  'Sb,  f*b^  As,  tb  Si, 
and  ashes ; 
Lead  fumes  and  Jliie  rahings  from  roasting  silver,  lead,  and  copper 
ores  in  reverberatory  furnaces ;  usually  a  mixture  of  more  or 
less  thoroughly  roasted  ore,  various  metallic  oxides,  volatile 
metallic  acids  (As  and  iSb),  salts  of  metallic  oxides  (tb  C,  l*b  iS, 

'PV  Sb,  'PV  Xs,  f*b  Si,  etc.)  with  particles  of  ash.  If  salt  was 
added  in  roasting,  the  fumes  also  contain  chlorides  of  iron,  lead, 
or  copper,  and  if  the  lead  ore  was  seleniferous  small  quantities 
of  selenium  may  also  be  present. 
d.  As  oxide,  usually  combined  with  silicic  acid,  in  the  various 
slags  produced  in  smelting  plumbiferous  charges. 

Examination  for  Lead, 

Including  the  Uowpipe  characteristics  of  the  mitierals  and  metal- 
lurgical products  above  mentioned. 

a.  Examination  for  lead  in  general. 


Alloys. 


In  alloys,  as  they  occur  in  nature  and  metallurgical  products^ 
lead  is  recognized  by  the  coat  which  it  affords  when  the 
substance  is  treated  on  coal  in  0.  F.  Any  easily  volatilizable 
metals  present  either  pass  off  entirely  in  fumes,  or  collect  also  in  a 
coat  as  oxides.  The  oxide  of  lead  coat  is  dark  lemon-yellow  while 
hot  and  straw-yellow  when  quite  cold,  p.  67,  and  being  also  nearer 
the  assay  than  that  formed  by  some  other  oxides,  as  those  of  tellu- 
rium, antimony,  and  arsenic,  is  therefore  readily  distinguishable  j  it 
must  be  remarked,  however,  that  in  presence  of  antimony  the  oxide 
of  lead  coat  is  darker  yellow,  like  the  bismuth  coat,  probably  in 
consequence  of  the  formation  of  antimonate  of  lead,  vide  sulphides, 
on  the  following  page. 

If  zinc  and  lead  are  present  in  an  alloy  the  coat  produced  is, 
indeed,  mingled  with  oxide  of  zinc,  but  the  lead  may  be  recognized 
by  the  sulphur-yellow  color  of  the  cold  coat  as  well  as  by  the  azure- 
blue  tinge  imparted  by  it  to  the  E.  F.  When  the  lead  predominates 
in  an  alloy  of  lead  and  bismuth,  the  coat  appears  rather  darker  than 
a  pure  lead  coat,  but  not  so  dark  as  a  bismuth  coat.  By  testing  with 
S.  Ph.  the  presence  of  bismuth  can  be  ascertained,  vide  bismuth, 
provided  no  antimony  is  present.  Should  there  be  so  little  lead  that 
it  cannot  be  recognized  by  the  color  of  the  coat,  the  latter  is  treated 
with  the  E.   F.,   in  order  to  ascertain  whether  it   disappears  with 
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an  azure-blue  flame,  which,  in  the  absence  of  selenium,  indicates 
lead. 

Compounds  of  lead  and  selenium,   with  considerable  selenium, 
fuse  in  E.  F.  with  more  difficulty  than  pure  lead,  and  impart 
an  intense  azure-blue  color  to  the  flame,  chiefly  due  to  sele- 
nium, wliile  they  emit  a  selenium  odor  and  yield  at  first  a  slight 
grayish  coat  of  selenium,  followed  by  a  white  coat  of  selenite  of  lead 
and  a  trifliug  yellow  coat  of  pure  oxide  of  lead. 

Combinations  of  lead  with  sulphur  and  other  metallic  sulphides 
may  be  variously  examined  for  lead.  The  simplest  way  is 
to  treat  a  small  portion  in  E.  F.  on  coal,  either  alone  or  with  "  ^  '  ®^- 
a  slight  amount  of  borax  to  separate  any  iron  present,  and  to 
recognize  the  lead  by  the  coat.  Unless  a  large  amount  of  antimony 
is  present  it  could  not  be  simultaneously  detected  with  certainty, 
because  adjoining  the  yellow  oxide  of  lead  coat  there  is  formed  a 
white  coat  of  sulphate  of  lead,  which  very  closely  resembles  oxide 
of  antimony,  p.  69.  It  is  safer  in  this  case  to  mingle  the  powdered 
substance  with  a  sufficient  amount  of  soda  and  treat  it  for  a  short 
time  in  E.  F.  Sulphide  of  sodium  is  formed  and  in  the  absence  of 
antimony  only  a  yellow  lead  coat  with  a  bluish-white  border  is 
produced ;  but  if  antimony  is  present  a  white  coat  of  oxide  of 
antimony  is  obtained  beyond  the  yellow  lead  coat. 

Should  the  amount  of  antimony  be  very  trifling,  as  in  many 
galenas,  this  method  does  not  aflbrd  a  perfectly  reliable  result, 
because  by  a  prolonged  blast  some  sulphide  of  sodium  is  volatilized 
and  also  afi'ords  a  Avhite  coat  of  sulphate  of  soda,  p.  69.  A  little 
antimony  can,  hoAvever,  be  detected  with  absolute  certainty  when 
present  in  galenas  and  other  sulphides  "consisting  mainly  of  sulphide 
of  lead,  by  the  following  process.  About  fifty  milligr.  of  the  pow- 
dered substance  are  placed,  with  a  bit  of  iron  wire  as  stout  as  a 
coarse  knitting  needle,  in  a  cylindrical  cavity  bored  in  the  cross 
section  of  a  good  coal,  or  in  a  charcoal  crucible,  and  both  are  covered 
with  a  mixture  of  soda  and  borax,  the  volume  of  soda  being  twice 
and  that  of  borax  once  the  volume  of  the  substance  employed.  The 
whole  is  then  treated  in  E.  F.,  until  all  the  sulphur  is  separated,  part 
being  combined  with  the  iron  and  part  with  the  slag. 

The  lead  is  nearly  all  reduced  and  unites  to  a  button  Avith  the 
antimony,  while  but  little  of  them  is  volatilized.  The  cold  lead 
button  is  then  separated  from  the  slag  and  the  iron  surrounded  by 
sulphide  of  iron,  and  is  treated  with  a  little  soda  in  E.  F.  on  another 
3oal,  when  the  antimony  volatilizes  first,  producing  a  coat  of  oxide, 
and  the  lead  afterward  yields  a  lead  coat.     If  the  antimony  coat  is 
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touched  witli  the  E.  F.,  before  a  distinct  lead  coat  has  formed,  it 
disappears  with  a  greenish-blue  flame.  The  coat  of  oxide  of  lead 
can  also  be  entirely  prevented  by  adding  vitrified  boracic  acid  to  the 
antimonial  lead,  when  the  acid  takes  up  the  oxide  of  lead  and  the 
volatilizing  antimony  coats  the  coal  with  oxide  of  antimony.  This 
assay  is  easy,  but  the  following  points  should  be  carefully  observed. 
The  separation  of  the  sulphur  from  the  lead  and  antimony  must  be 
conducted  in  a  rather  deep  cavity,  so  that  the  antimonial  lead  may 
be  protected  from  the  air  and  as  little  antimony  as  possible  volatilized. 
The  flame  must  not  be  directed  immediately  upon  the  separating 
metallic  button,  which  would  then  be  too  strongly  heated  and  might 
lose  antimony  by  volatilization,  but  must  be  directed  only  upon  the 
slag  of  soda  and  borax,  which  should  be  made  to  cover  the  button. 
If  carefully  conducted  quite  a  trifling  amount  of  antimony  may  be 
detected  by  the  coat  formed  on  coal. 

When  the  amount  of  antimony  in  a  substance  containing  sulphide 
of  lead  is  very  large,  the  treatment  with  soda  alone,  as  well  as  of  the 
antimonial  lead  reduced  by  iron,  yields  not  only  an  unmistakable 
antimony  coat,  but  the  lead  coat  is  observed  to  have  a  darker  yellow 
color  than  usual.  It  appears  orange-yellow  while  hot,  and  almost 
lemon-yellow  on  cooling,  quite  like  a  coat  of  oxide  of  bismuth. 
Autimonate  of  lead  seems  to  be  formed,  for  if  this  coat  is  scraped 
off,  dissolved  in  S.  Ph.  on  platinum  wire  in  0.  F.,  and  the  bead 
shaken  off"  and  treated  with  tin  on  coal,  it  assumes  on  cooling  a 
black  color  and  becomes  quite  opaque,  which,  in  the  absence  of 
bismuth,  indicates  antimony. 

Lead  may  also  be  detected  in  metallic  sulphides  by  roasting  them 
in  fine  powder,  p.  "77,  and  then  treating  them  with  soda  in  E.  F. 
Either  globules  of  lead  result,  or  an  alloy  of  lead  with  other  metals, 
in  presence  of  other  easily  reducible  oxides.  A  lead  coat  is  likewise 
formed,  to  which  regard  must  be  had,  especially  if  but  little  lead  is 
present. 

When  the  substance  contains  bismuth,  as  well  as  lead,  it  yields 
by  reduction  brittle  lead,  which  frequently  cannot  be  recognized  aa 
lead  at  all,  when  the  amount  of  bismuth  is  not  quite  unimportant; 
the  coat  on  the  coal  also  has  a  darker  color.  In  this  case  the 
roasted  assay  must  be  fused  with  bisulphate  of  potassa  and  further 
treated  as  will  be  directed  for  such  substances  under  bismuth.  The 
sulphate  of  lead  resulting  from  the  treatment  is  reduced  with  soda 
on  coal  and  affords  metallic  lead  and  a  pure  lead  coat. 

If   the   roasted   substance   contains   much  copper  the    reduction 
with  soda  affords  an  alloy,  in  which  the  lead  cannot  be  recognized 
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by  the  color,  but  after  washing  the  alloy  and  keeping  it  fused  for 
some  time  alone  in  a  strong  0.  F.  on  coal,  most  of  the  lead  vola- 
tilizes and  affords  a  coat. 

The  behavior  of  chloride  of  lead  has  been  given  on  p.  69. 
Substances  containing  oxide  of  lead  with  other  metallic  oxides  or 
earths  usually  yield  a  distinct  lead  coat  when  treated  alone  on 

.  Oxides. 

coal  in  E.  F. ;  addition  of  soda,  however,  renders  it  more 
distinct.     The  same  remark  applies  to  all  salts  of  lead  except  the 
phosphate,   which   treated  alone   on    coal   fuses  to   a  globule  and 
affords  no  lead  coat,  or  only  a  slight  one. 

i.  Blowpipe  characteristics  of  the  above-named  jilwnhiferous 

minerals. 

Native  lead  behaves  B.  B.  like  pure  lead,  p.  67. 

Altaite  yields  in  the  open  tube  tellurous  fumes,  which  fuse  B.  B. 
to  clear  drops,  (G.  Rose.) 

On  coal  it  fuses,  tinges  the  flame  greenish-blue  and  volatilizes, 
leaving  a  small  silver  button. 

Clausthalite  in  the  closed  tube  decrepitates  occasionally,  but 
suffers  no  further  change.  In  the  open  tube  yields  a  selenium 
sublimate,  red  at  a  distance  from  the  assay  and  steel-gray  nearer  to 
it;  a  distinct  selenium  odor  is  perceptible.  On  coal  it  fumes,  dif- 
fuses a  strong  selenium  odor  and  fuses  only  imperfectly  in  E.  F., 
coating  the  coal  at  first  with  a  gray  coat  cf  selenium,  having  a 
feeble  metallic  lustre,  but  appearing  reddish  further  from  the  assay. 
A  distinct  lead  coat  forms  afterward.  It  gradually  volatilizes,  leaving 
a  very  trifling  scoria,  which  sometimes  affords  iron,  cobalt,  or  copper 
reactions  with  the  fluxes. 

With  soda,  or,  better  still,  neutral  oxalate  of  potassa,  in  E.  F.  on 
coal,  metallic  lead  is  obtained,  which  sometimes  yields  a  small  silver 
button  on  the  cupel. 

TilTcerodite  behaves  like  clausthalite,  but  the  remaining  scoria 
reacts  very  strongly  for  cobalt. 

Zoryite. — Selenkupferhlei  behaves  like  clausthalite,  and  the  remain- 
ing scoria  reacts  very  strongly  for  copper  with  borax,  while  with 
soda  it  yields  a  copper  button.  SehnbUikupfer  fuses  easily,  spreads 
over  the  coal  and  forms  a  gray  mass,  with  a  metallic  lustre,  which 
after  thorough  roasting  yields  a  copper  button  with  borax  and  soda, 
(Berzelius.) 

Lehrhachite  alone  in  the  matrass  yields  a  lusti'ous,  metallic,  crys- 
talline, gray  sublimate  of  selenide  of  mercury,  before  which  a  few 
globules  of  mercury  sometimes  coll  act.     With  much  soda  it  yields 
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only  mercury.  In  the  open  tube  yields  some  selenium  and  a  sub- 
limate of  selenide  of  mercury,  which  fuses  to  drops.  On  coal,  like 
clausthalite. 

SelenquechsilberTcupferUei  (Hg,  Cu,  Pb,  and  Se)  yields  in  the 
matrass  selenide  of  mercury.  On  coal  affords  a  lead  coat  and  a 
residue  which  reacts  strongly  for  copper. 

Lead  in  comUnation  with  stilpliur  and  with  other  metallic 

sulphides. 

Galena  and  Bleischiueif  usually  decrepitate  strongly  in  the  closed 
tube,  while  a  trifling  white  sublimate  is  not  unfrequently  formed, 
which,  however,  appears  to  be  only  sulphur.  In  the  open  tube  yield  sul- 
phurous acid  and  at  a  higher  heat  a  white  sublimate  of  sulphate  of 
lead,  gray  just  above  the  assay,  i^use  with  difficulty  on  coal,  until 
most  of  the  sulphur  is  expelled,  when  metallic  lead  separates.  The 
coal  is  strongly  coated  with  sulphate  and  oxide  of  lead.  In  presence 
of  antimony  the  sulphate  coat  is  mingled  with  oxide  of  antimony, 
p.  263.  Iron  and  zinc  in  galena  are  found  according  to  pp.  223  and 
251.  More  or  less  silver  may  be  detected  in  most  galena  by  cupel- 
ling the  lead  reduced  on  coal,  vide  quantitative  silver  assay. 

Steinmannite  from  Przibram  decrepitates  rather  strongly  in  the 
closed  tube.  On  coal  fuses,  evolving  sulphurous  and  antimonous 
fumes  and  leaving  a  lead  button,  which  affords  silver  when  cupelled. 

Geocronite,  hilbrickenite,  meneghinite,  houlangerite,  jnmesonite, 
feather  ore,  p)lagionite,  and  zinhenite  are  compounds  of  Pb  with  Pb 

W  III 

Sb  in  different  proportions;  occasionally  part  of* the  Sb  is  rejjlaced 

III 
by  As,  as  in  geocronite. 

The  general  behavior  of  these  minerals  is  as  follows : — 
In  the  closed  tube  they  decrepitate  more  or  less  and  are  distin- 
guished by  their  fusibility  when  the  tube  is  treated  B.  B.  Those 
containing  most  sulphide  of  antimony,  are  the  most  fusible,  and  they 
afford  a  red  sublimate  of  amorphous  tersulphide  of  antimony,  con- 
taining oxide  of  antimony.  In  the  open  tube  they  yield  antimonial 
fumes,  partly  volatile  and  partly  fixed.  The  former  consist  of  oxide 
of  antimony;  the  latter  partly  of  oxide  with  antimonic  acid,  partly 
of  sulphate  of  lead  and  partly  of  antimonate  of  lead,  near  the  assay. 
Much  sulphurous  acid  is  also  evolved. 

On  coal  they  fuse  and  deposit  thick  coats;  the  farthest  removed 
are  white  and  consist  of  oxide  of  antimony  with  sulphate  of  lead, 
while  near  the  assay  the  coat  is  chiefly  oxide  of  lead,  but  dark  yellow 
and  mixed  with  antimonate  of  lead.     Any  trifling  amount  of  iron 
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and  copper  usually  remains  as  a  scoria  and  can  be  tested  after 
expelling  the  Pb  and  Sb. 

"With  soda  in  R.  F.  they  are  decomposed  and  yield  metallic  globules 
and  coats  of  lead  and  antimony.  To  determine  whether  the  white  coat 
consists  only  of  tSb,  or  whether  it  also  contains  sulphate  of  lead,  vide 
p.  263.  Arsenic,  if  not  in  too  small  quantity,  can  frequently  be 
detected  in  the  tubes  and  on  coal  by  its  characteristic  behavior. 

Diifrenoysite  contains  the  Pb  combined  with  As  alone;  in  the 
closed  tube  yields  a  red  sublimate  of  sulphide  of  arsenic ;  in  the 
open  tube  a  smell  of  sulphur  only,  with  a  sublimate  of  sulphur  in 
the  upper  part  of  the  tube  and  of  arsenous  acid  below,  (Dana.) 

0]i  charcoal  fuses  very  easily,  evolves  sulphurous  and  arsenous 
fumes,  and  finally  yields  a  lead  button. 

Sartorite,  nearly  like  dufrenoysite,  but  decrepitates  strongly,  (Dana.) 

The  behavior  of  Zundererz  may  be  easily  inferred  from  that  of 
similar  compounds. 

Clayite. — As  regards  the  blowpipe  characteristics  it  is  only  known 
that  it  fuses  readily,  yields  reactions  for  lead,  arsenic,  and  antimony, 
and  leaves  with  soda  a  lustrous  metallic  globule ;  no  doubt  after 
treatment  with  boracic  acid,  vide  copper  assay,  the  remaining  button 
would  afford  copper  reactions. 

Cuprojjlumhite.  B.  B.  in  the  open  tube  swells  up  and  fuses,  afford- 
ing sulphurous  acid  and  a  trifling  sublimate  of  sulphate  of  lead. 
Alone  on  coal  in  R.  F.  yields  coats  of  oxide  and  sulphate  of  lead ; 
with  soda  a  button  of  metal,  somewhat  harder  than  pure  lead,  which 
after  treatment  with  boracic  acid,  vide  copper,  leaves  a  copper  button. 
This  cupelled  with  test  lead  affords  some  silver  also. 

AUsonite;  like  cuproplumbite. 

Nagyagite. — The  antimonial  variety  strongly  heated  in  the  open 
tube  fumes  and  deposits  a  coat,  which  is  gray  close  above  the  assay 
and  seems  to  consist  of  tellurate,  antimonate,  and  perhaps  sulphate 
of  lead.  The  coat  further  removed  consists  partly  of  volatile  oxide 
of  antimony,  and  partly  of  tellurous  acid,  which  can  be  fused  to 
clear  drops. 

Alone  on  coal  it  fumes  and  deposits  a  white,  volatile  coat  of 
mingled  oxide  of  antimony,  tellurous  acid  and  sulphate  of  lead,  and 
a  less  volatile,  yellow  coat,  consisting  chiefly  of  oxide  of  lead,  with 
perhaps  some  antimonate.  The  first  coat  disappears  under  the  E.  F. 
with  a  bluish-green,  the  latter  with  a  blue  flame.  When  all  the 
volatile  ingredients  are  expelled  a  malleable  gold  button  remains, 
which  assumes  a  pure  gold  color  when  cupelled  with  test  lead. 

If  the  flame  test  does  not  show  tellurous  acid  distinctly  in  the 
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white  coat  on  coal  it  is  only  necessary  to  treat  the  powdered  mineral 
with  boracic  acid,  p.  353,  when  a  coat  of  oxide  of  antimony  and 
tellurous  acid  will  be  obtained,  which  will  disappear  with  a  bluish- 
green  flame  in  E.  F.  The  behavior  of  the  variety  free  from  antimony 
is  similar,  but  the  tellurium  reactions  are  more  distinct. 

Bournonite  decrepitates  in  the  closed  tube  and  strongly  heated 
yields  a  slight  dark-red  sublimate  of  S'^lphide  with  oxide  of  antimony. 
In  the  open  tube  evolves  sulphurous  acid  and  copious,  white,  antimony 
fumes.  The  coat  condensing  on  the  upper  side  of  the  tube  is  volatile 
oxide  of  antimony;  that  on  the  lower  part  is  a  non- volatile  com- 
pound of  antimonate  of  antimony  with  considerable  antimouate  of 
lead. 

Alone  on  coal  fuses  very   easily,   aflPording  a  coat  of  oxide  of 

antimony,  quickly  followed  by  Pb,  S"b,  f*b,  8,  and  f  b,  so  that  nearest 
the  assay  the  coat  is  dark-yellow.  Finally  only  a  lead  coat  is  afforded. 
The  remaining  globule  tested  with  borax  or  S.  Ph.  shows  copper  and 
sometimes  antimony,  p.  263.  It  is  rendered  somewhat  brittle  by 
sulphur  and  antimony,  and  after  cupellation  occasionally  affords  a 
little  silver. 

Koiellite  fused  in  the  closed  tube  B.  B.  yields  a  slight  sublimate  of 
sulphur.  In  the  open  tube  yields  copious  antimonial  fumes  and 
sulphurous  acid;. it  is  not  fused,  but  is  covered  with,  yellow  oxide. 
On  coal  fuses  easily,  yielding  a  white  coat  of  oxide  of  antimony  with 
sulphates  of  lead  and  bismuth,  and  a  yellow  coat,  which  is  dark 
pomegranate-yellow  on  cooling  and  disappears  with  a  feeble  blue 
flame  in  E.  F.  Small,  somewhat  malleable,  metallic  buttons  remain, 
.which  after  being  fused  together  for  some  time  in  0.  F.,  show  copper, 
with  S.  Ph.,  vide  copper. 

Freed  from  most  of  its  sulphide  of  antimony  on  coal  in  0.  F.,  the 
mineral  shows  iron  when  treated  with  borax  in  E.  F.  and  the  glass 
remelted  in  0.  F.  on  platinum  wire.  The  bismuth  is  found  by 
roasting  the  mineral  on  coal  and  fusing  the  fine  powder  with  three 
or  four  volumes  of  bisulphate  of  potassa,  vide  bismuth. 

Aihinite  in  the  open  tube  yields  white  fumes,  partly  fusible  to 
elear  drops,  white  on  cooling ;  sulphurous  acid  is  evolved. 

The  remaining  button  is  surrounded  by  black,  fused  oxide, 
which  is  transparent  and  greenish-yellow  on  cooling. 

On  coal  fuses,  fumes  and  deposits  a  white  coat,  the  inn  -r  edge  of 
which  is  yellow.  The  resulting  button  resembles  bismuth  (Ber- 
zelius).  With  the  fluxes  gives  copper  reactions  and  after  long 
blowing  a  globule  of  metallic  copper.     Dana. 

Chivititite. — Like  aikinite. 
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LEAD   COMBINED   WITH   CHLOEHSTE. 

Cohinnite  fuses  to  a  yellow  fluid  and  partially  sublimes  in  the 
matrass.  On  coal  fuses  very  easily,  spreads  out  and  volatilizes,  form- 
ing a  white  coat  of  chloride  of  lead.  This  disappears  with  an  azure- 
blue  flame  in  E.  F.  aud  leaves  a  yellow  ,spot  of  oxide  of  lead.  With 
soda  yields  lead  and  with  oxide  of  copper  afibrds  the  chlorine 
reaction,  vide  chlorine. 

Me)idqnte  decrepitates,  becomes  yellow,  and  when  strongly  heated 
behaves  like  cotunnite.  On  coal  fuses-  easily,  emits  acid  vapors  and 
is  reduced  to  metal,  affording  also  a  white  coat  of  chloride  and  a 
yellow  coat  of  oxide  of  lead.     A  special  test  shows  chlorine. 

Matlockite. — Like  mendipite. 

Phosgenite  behaves  like  mendipite,  but  effervesces  with  nitric  acid. 

Schivartzeyyibergite,  according  to  Dana,  is  very  fusible  and  loses  its  , 
color  in  fusing.      On   coal  yields  metallic  globules;  in  a  matrass 
abundant  violet  vapors  of  iodine. 

OXIDES    OF   LEAD. 

Massicot  {plumhic  ochre),  minium,  and  plaUnerite  behave  quite 
like  oxide  of  lead,  p.  104. 

OXIDE    OF   LEAD   COMBIN"ED   WITH   ACIDS. 

Anglesite  decrepitates  in  the  matrass  and  usually  yields  a  little 
water.  On  coal  in  0.  F.  fuses  to  a  clear  bead,  opaque  on  cooling, 
and  in  E.  F.  is  reduced  with  effeiwescence  to  a  lead  button.  Eeduced 
with  soda  yields  lead,  and  a  strong  sulphur  reaction  is  aflbrded  by 
cutting  out  the  coal  and  laying  it  on  moistened  silver  foil.  Trifling 
admixtures  of  oxide  of  iron  or  manganese  may  be  easily  detected 
by  the  tests  with  borax  on  soda  and  nitre. 

Linarite  yields  some  water  and  loses  its  blue  color  in  the  matrass. 
On  coal  fuses  in  0.  F.  to  a  bead;  in  E.  F.  is  reduced  with  efferves- 
cence to 'lead,  which  then  afibrds  a  lead  coat.  The  lead  button 
treated  with  boracic  acid  yields  a  button  of  copper,  p.  295.  Eeduced 
with  soda  it  yields  copper  and  lead,  while  the  alkaline  mass  that 
sinks  into  the  coal  gives  a  sulphur  reaction. 

Caledonite. — B.  B.  on  coal  easily  reduced.  Partially  soluble  with 
effervescence  in  nitric  acid,  leaving  a  residue  of  sulphate  of  lead. 
Dana. 

The  copper  and  also  the  sulphuric  acid  may  be  detected  as  in 
linarite  above. 
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Lanarhite. — Like  caledonite,  but  no  copper.  In  0.  F.  fuses  to  a 
bead,  white  on  cooling  and  containing  reduced  lead. 

Leadhillite  swells  a  little  on  coal  in  a  feeble  flame,  and  assumes  a 
transient  yellow  color ;  in  a  stronger  flame  is  easily  reduced.  (Fuses 
at  1.5.    Dana.) 

Efiervesces  with  nitric  acid  and  leaves  a  residue  of  tb  S*. 

Susannite. — Like  leadhillite. 

Lamproplianiie  yields  water.  "With  soda  on  charcoal  yields  metal- 
lic lead  and  a  hepatic  mass.  (Dana.) 

Pyromorphite  sometimes  decrepitates  in  the  matrass,  and  strongly 
heated  aflFords  a  trifling,  volatile  sublimate  of  Pb  CI.  In  the  forceps 
fuses  very  easily  to  a  globule  and  affords  a  blue  flame  with  a  green 
tip  (phosphoric  acid),  especially  when  the  blast  is  gentle.  The  fused 
portion  has  a  crystalline  surface. 

•  On  coal  at  first  yields  a  slight  coat  of  Pb  CI  and  the  fused  button 
is  not  reduced,  but  on  cooling  glows  again  and  shows  quite  lustrous 
facets.  The  Pb  CI  coat  meanwhile  increases  and  a  pale  yellow  oxide 
of  lead  coat  can  be  seen  around  the  assay.  If,  however,  arsenate  of 
lead  is  present,  it  is  reduced  with  effervescence  and  emission  of 
arsenical  fumes  to  lead,  which  remains  with  the  crystalline  phos- 
phate. The  powdered  mineral  fused  with  oxide  of  copper  on  coal 
gives  an  azure-blue  chloride  of  copper  flame. 

By  reduction  with  soda  it  affords  lead,  which  sometimes  yields  a 
trace  of  silver  when  cupelled.  Fused  in  the  platinum  spoon  with 
three  to  four  parts  of  bisulphate  of  potassa,  it  forms  a  clear  mass, 
white  on  cooling.  (Vanadate  of  lead  affords  a  pomegranate-yellow 
mass,  and  chromate  of  lead  a  mass,  which  is  violet  while  hot  and 
greenish-white  on  cooling.) 

Mimetite  fuses  on  coal  somewhat  less  easily  than  pyromorphite, 
but  is  then  reduced,  with  effervescence  and  a  strong  arsenic  odor,  to 
lead.  At  first  affords  only  a  chloride  of  lead  coat,  but  later  arsenous 
acid  and  oxide  of  lead.  The  presence  of  phosphate  causes  the; 
appearance  of  one  or  more  of  the  crystalline  beads  above  mentioned. 
Chlorine  is  detected  as  under  pyromorphite.  Lime  (as  in  liedypliane) 
is  found  by  decomposing  the  mineral  with  soda.  The  lead  separates 
as  metal,  part  of  the  soda  sinks  into  the  coal,  and  part  forms  with 
the  lime  an  infusible  mass. 

Plumhogiimmite  decrepitates  and  yields  much  water  in  the  matrass. 
Tested  afterwards  in  the  forceps  it  swells  like  a  zeolite,  and  colors 
the  flame  azure-blue,  but  fuses  only  imperfectly.     On  coal  cannot  be' 
melted,  but  gives  a  faint  white  coat  of  Pb  CI. 

In  the  fluxes  dissolves  easily  to  a  clear  glass ;  the  S.  Ph.  bead  is 
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opaque  with  a  large  addition.  With  soda  yields  lead  globules  and 
with  cobalt  solution  turns  blue.  With  boracic  acid  and  iron  gives  a 
phosphide  of  iron,  vide  phosphoric  acid. 

Cernssite  decrepitates  in  the  matrass,  loses  carbonic  acid  and  turns 
yellow,  with  a  stronger  heat  dark-red,  but  the  yellow  color  returns 
on  cooling. 

Alone  on  coal  is  easily  reduced ;  in  the  fluxes  it  dissolves  with 
effervescence  and  gives  the  reactions  of  oxide  of  lead.  Dilute  nitric 
acid  also  dissolves  it  with  eflervescence. 

Earthy  carhonate  of  lead.  Like  cerussite,  but  leaves  on  reduction 
a  trifling  scoria,  which  reacts  for  iron  with  borax. 

Kerstenite  decrepitates  slightly  in  the  closed  tube,  fuses  at  redness 
to  a  black  fluid  mass  and  gives  oflT  a  very  little  selenium ;  at  a  higher 
heat  some  selenous  acid.  On  coal  fuses  very  readily  to  a  black  slag, 
evolves  a  strong  selenium  odor  and  affords  lead  buttons.  The  assay 
is  surrounded  by  a  lead  coat  and  beyond  this  a  selenium  coat.  In 
the  forceps  does  not  color  the  flame  (?).  With  the  fluxes  gives 
reactions  for  iron  and  copper.     Kersten. 

Phmnicochroite  {melanochroite)  fuses  readily  in  0.  F.  to  a  dark 
mass,  assuming  a  crystalline  structure  on  cooling.  In  E.  F.  gives 
ojff  lead  fumes  and  is  decomposed  into  sesquioxide  of  chromium  and 
metallic  lead.     With  the  fluxes  gives  chromium  reactions. 

Crocoite  decrepitates  and  flies  into  small  bits,  assummg  tran- 
siently a  darker  color.  On  coal  fuses,  spreads  out  and  is  suddenly 
reduced  with  deflagration  to  lead,  affording  also  a  lead  coat,  while 
grayish-green  sesquioxide  of  chromium  remains  with  the  lead. 

Dissolves  easily  in  the  fluxes  in  0.  F.  to  yellowish  glasses,  becom- 
ing green  on  cooling.     In  R  F  the  green  is  darker. 

Eeduced  with  soda  yields  lead,  and  when  fused  on  platinum  foil 
with  soda  aflbrds  a  dark-yellow  mass,  becoming  light-yellow  when 
cold.  Fused  in  the  platinum  spoon  with  three  to  four  parts  of 
bisulphate  of  potassa,  a  quite  dark-violet  mass  results,  which  is 
reddish  on  solidifying  and  when  cold  is  greenish- white.  (Vanadate  of 
lead  imparts  a  yellow  color  to  the  salt.) 

Vatiquelinite.  B.  B.  on  coal  swells  a  little  and  then  fuses  with 
frothing  to  a  gray,  lustrous,  metallic  globule,  showing  reduced  but- 
tons of  metal  where  it  is  in  contact  with  the  coal ;  a  distinct  lead 
coat  is  formed. 

With  the  fluxes  gives  in  0.  F.  green  beads,  both  hot  and  cold,  but 
in  R.  F.  they  become  on  cooling  red,  opaque  red,  or  nearly  black, 
according  to  the  amount  dissolved.  With  tin  the  red  copper  color  is 
more  distinct,  p.  86. 
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Dissolves  with  effervescence  in  soda  on  platinum  wire  in  0.  F., 
giving  a  clear  green  glass,  yellow  and  opaque  on  cooling.  Thia 
forms  a  yellow  solution  with  water,  in  which  chromic  acid  can  be 
detected,  vide  chronium, 

It  is  completely  reduced  with  soda  on  coal,  and  by  treating  the 
lead  buttons,  after  washing  away  the  coal,  etc.,  with  boracic  acid, 
copper  is  obtained,  vide  copper. 

Descloizite  in  the  matrass  yields  some  water.  B.  B.  fuses,  is  par- 
tially reduced  to  lead,  surrounded  by  a  black  slag,  and  gives  a  lead 
coat.  With  borax  in  K.  F.  a  green  glass ;  in  0.  F.,  on  adding  nitre, 
a  violet  glass  (manganese).  With  S.  Ph.  in  0.  F.  a  yellow,  in  R.  F. 
a  chrome-green  glass. 

Dechenite  fuses  easily  to  a  yellow  glass  in  the  forceps,  and  also  in 
the  matrass,  without  decrepitating.  On  coal  fuses  readily  to  a 
yellowish-green  bead,  and  gives  the  usual  lead  globules  and  coat.  In 
several  assays  a  distinct  arsenical  odor  was  observed,  but  not  in  others 
made  with  pure,  transparent  fragments.  Phosphoric  acid  cannot  be 
detected.  The  glass  fluxes  afford  only  vanadic  acid  reactions.  Soda 
causes  a  white  enamel,  showing  lead  globules.     Bergmann. 

EusyncJiite,  arceoxene  and  vanadite  (  Vanadit)  are  said  to  give  the 
same  blowpipe  reactions  as  the  above-named  vanadates  of  lead. 

Vanadinite  from  Zimapan  decrepitates  in  the  matrass,  and  at  a 
high  heat  gives  a  trifling  white  sublimate. 

On  coal  in  0.  F.  the  powder  fuses  easily  to  a  black,  somewhat 
lustrous  mass,  which  yields  lead  in  R  F.  At  first  a  slight  Pb  01 
coat  is  formed  and  later  one  of  oxide  of  lead.  After  driving  off  the 
lead  the  dark-gray  residue  gives  with  S.  Ph.  in  R.  F.  an  emerald- 
green  bead. 

Dissolves  readily  in  the  glass  fluxes,  showing  vanadic  acid  reac- 
tions, pp.  81  and  84.  With  soda  in  0.  F.  on  platinum  wire  fuses  to  a 
yellow  mass,  crystalline  and  lighter  in  color  when  cold.  On  coal  a 
lead  button  separates.  Chlorine  is  detected  by  the  S.  Ph.  bead  con- 
taining oxide  of  copper. 

Fused  in  the  platinum  spoon  with  three  to  four  parts  of  bisulphate 
of  potassa,  it  forms  a  clear,  yellow,  fluid  salt,  assuming  a  red  and 
finally  a  pomegranate  yellow  color  on  cooling,  thus  differing  at  once 
from  crocoite  and  pyromorphite. 

Chileite  fuses  in  the  candle-flame  to  a  black  bead.  In  S.  Ph.  gives 
a  green  glass,  and  with  soda  on  coal  a  cupriferous  lead  button. 
Domeyko. 

Wulfenite  decrepitates  in  the  matrass  and  transiently  assumes  a 
darker  color.     On  coal  fuses  and  sinks  partly  into  the  coal,  while 
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lead  separates  and  a  lead  coat  is  formed.  By  long  treatment  with 
R  F.  most  of  the  lead  is  volatilized,  and  then  by  washing  the  portion 
which  has  sunk  into  the  coal,  a  mixture  of  malleable'  lead  and  an 
alloy  of  lead  and  molybdenum. 

Dissolves  readily  in  borax  in  0.  F.  to  a  clear  yellow  bead,  colorless 
on  cooling,  which  becomes  opaque  black  in  E.  F.  This,  if  pressed 
flat,  appears  dirty-green,  with  black  flocks  of  binoxide  of  molybde- 
num, especially  on  coal.  In  S.  Ph.  on  wire  dissolves  readily  to  a 
yellowish-green  glass,  losing  much  of  its  color  on  cooling,  and 
becoming  dark-green  in  E.  F.    With  "soda  on  coal  affords  lead. 

When  fused,  with  bisulphate  of  potassa  in  the  platinum  spoon  it 
forms  a  yellowish  mass,  becoming  white  on  cooling,  and  this  dis- 
solved by  treating  it  in  distilled  water,  afi'ords  a  solution  Avhich  very 
quickly  becomes  dark-blue  on  adding  a  bit  of  zinc  or  tin. 

Stolzite  decrepitates  in  the  matrass.  On  coal  fuses,  with  forma- 
tion of  a  lead  coat,  to  a  globule  that  crystallizes  in  .cooling  and  has  a 
dark  metallic  surface,  while  it  shows  a  grayish-white,  vitreous 
fracture.  Dissolves  easily  in  the  glass  fluxes  in  0.  F.  to  a  cleailVcol- 
orless  bead.  (The  borax  bead  in  E.  F.  becomes  yellowish,  and  some- 
times on  coohng  is  gray  and  opaque.)  The  S.  Ph.  bead  in  E.  F.  after 
short  treatment  assumes  a  blue  color,  but  sometimes  not  so  pure  as 
from  tungstic  acid  alone.  Too  large  a  quantity,  or  too  long  blowing, 
renders  the  glass  greenish  and  finally  quite  opaque.  Eeduced  with 
soda  yields  lead.  With  soda  and  nitre  a  distinct  manganese  reac- 
tion. Fused  like  the  preceding  mineral  with  bisulphate  of  potassa 
and  dissolved,  the  solution  gradually  becomes  grayish-blue  on  adding 
zinc  or  tin.  To  detect  tungstic  acid  readily  in  the  wet  way,  see 
the  examination  for  tungstic  acid. 

Bindheimite  yields  water  and  becomes  darker  in  the  matrass.  On 
coal  is  reduced  to  a  metallic  button,  which  volatilizes  gradually, 
coating  the  coal  with  oxides  of  lead  and  antimony. 

Monimolite  on  coal  yields  a  malleable  lead-colored  globule,  whicli 
in  0.  F.  afibrds  antimony  and  lead  coats  (Dana). 


c.  Examination  for  lead  m  metallurgical  products,  together  with 
their  hloiopipe  characteristics. 

The  various  samples  of  commercial  lead  sometimes  contain  more 
or  less  copper,  antimony,  and  arsenic.  If  such  lead  is  fused  and 
kept  in  rotary  motion,  B,  B.  on  coal,  arsenic  can  be  detected  by  the 
odor,  and  antimony  by  the  coat  deposited  beside  the  lead  coat.    A 

•    18 
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very  trifling  amount  of  antimony  can  be  found  by  using  boracic 
acid,  vide  antimony.* 

To  detect  any  copper  present,  a  bit  of  the  lead  is  treated  with 
vitrified  boracic  acid  on  coal,  until  nearly  all  of  the  lead  is  slagged 
off,  when  the  remaining  metal  button  is  fused  with  S.  Ph.  in  0.  F,, 
vide  copper. 

Silver  is  found  by  cupelling  the  lead,  vide  silver  assay.  Plumbif- 
erous  Uack  copper  varies  in  character,  but  always  yields  a  distinct 
lead  coat.  Other  ingredients  are  found  according  to  the  directions 
under  the  general  examination  for  iron  in  alloys,  p.  222.  The 
behavior  of  speisses  and  matts  is  also  given  under  iron. 

Litharge  behaves  B.  B.  like  oxide  of  lead.  If  containing  arsenate 
or  antimonate  of  lead  it  affords,  on  reduction,  an  arsenic  odor,  or  an 
antimony  coat.  Copper  is  found  by  reducing  some  litharge  to 
metallic  lead  and  treating  the  button  with  boracic  acid  and  after- 
ward with  S.  Ph.,  using  tin  if  necessary,  vide  copper. 

Ahstrich  from  the  cupellation  for  silver  when  treated  alone  on 
coal  is  reduced  to  metallic  lead,  emits  a  strong  arsenic  odor  and 
yields  coats  of  lead  and  antimony.  Copper  is  found  as  in  litharge. 
To  detect  iron  a  larger  piece  of  abstrich  is  reduced  beside  a  small 
borax  bead  on  coal,  keeping  the  glass  constantly  covered  with  a  good 
K.  P.,  and  shaking  off  the  reduced  lead  upon  the  anvil  from  time  to 
time.  By  remelting  this  glass  on  platinum  wire  in  0.  P.  the  iron 
can  be  raised  to  the  state  of  sesquioxide  and  recognized. 

To  detect  sulphuric  acid,  not  too  small  a  quantity  of  the  abstrich 
is  powdered  and  reduced  with  soda  on  coal,  the  resulting  fused  mass 
cut  out  from  the  coal  and  laid  on  moistened  silver  foil,  vide  sul- 
phuric acid. 

Ahzug  behaves  in  general  quite  like  abstrich,  but  if  much  of  the 
hearth  mass  is  mixed  with  it  the  metallic  oxides  can  only  be  reduced 
by  adding  borax,  or  soda  and  borax. 

Cupel  bottoms  or  hearths,  from  the  cupellation  for  silver,  as  well  as 

*  To  the  practical  smelter  the  blowpipe  may  be  very  especially  recommended  as 
furnishing  an  easy  and  certain  means  of  recognizing  both  of  the  above-mentioned 
ingredients  in  lead.  Even  very  trifling  quantities  of  arsenic  can  be  immediately  de- 
tected by  the  odor,  when  about  two  grm.  of  the  lead  are  quickly  fused  in  a  cavity  on 
coal  with  the  blue  flame,  and  kept  in  rotary  motion  for  a  few  moments.  A  little  anti- 
mony, if  present,  may  be  recognized  by  the  bluish-white  coat  of  oxide  of  antimony, 
which  forms  before  the  yellow  lead  coat  appears.  In  any  case  the  most  minute  admix- 
ture of  both  these  ingredients  is  at  once  perceptible,  because  upon  cooling  the  lead 
button  has  not  the  characteristic  lead-gray,  lustrous  surface,  covered  with  glistening 
yellowish  litharge,  which  is  shown  by  quite  pure  lead,  but  presents  a  dull,  blackish- 
gray  color.  ^ 
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the  flue  raMngs  and  lead  smoTce  from  lead  smelting,  cupelling  and 
roasting  processes,  at  once  yield  a  lead  coat  when  treated  alone  on 
coal  in  K.  F.  The  manner  of  detecting  the  other  ingredients  may 
be  inferred  from  what  has  preceded. 

Slags  containing  oxide  of  lead  yield  a  lead  coat  either  alone  on 
coal  in  E.  F.,  or  when  fused  to  a  globule  with  soda.  The  other 
ingredients  are  found  by  the  method  given  under  lime. 

9.  Tin,  Sn. 

Its  occurrence  in  the  mineral  Jcingdom  and  in  metallurgical 

products. 

Tin  occurs,  in  nature,  in  the  following  minerals  :— 
a.  Combined  with  sulphur  in 

Stannite  (tin  pyrites),— 6u"  Sn  +  (i^e,  Zn)'  §n,  with  27.4  Sn  and 
29.6  Cu. 
h.  As  oxide  in 
Cassiterite  (tin-stone),— Sn,  with  78.6  Su,  but  generally  containing 

trifling  quantities  of  l^'e,  Sn,  and  occasionally  even  Ta  or  Kb ; 
Stannit  from  Cornwall, — Bi,  Sn  and  a  little  Al,  30e,  and  Ca,  with 
30.5  Sn,  (has  been  regarded  as  a  pseudomorph  after  feldspar, 
Dana.) 

Tin  is  likewise  found  as  an  unessential  ingredient  in  several 
other  minerals,  viz.,  tneteoric  iron,  titanic  iron,  taoitalite,  columUte, 
fergusonite,  hrochantite,  monazite,  thorite,  olivijie,  euclase,  and 
mrstedite.  Traces  of  tin  can  also  be  detected  in  certain  broAvn  and 
black  zinc  blendes,  when  quantities  of  several  grammes  are  treated 
in  the  wet  way. 

This  metal  is  rarely  to  be  sought  for  among  metallurgical  products 
except  in  the  especial  products  of  the  tin  works,  including : — 

a.  The  varieties  of  ti7i  in  commerce,  most  of  which  not  un  fre- 
quently contain  more  or  less  Fe,  Cu,  and  As,  and  occasionally  W, 
Mo,  and  Bi ; 

l.  The  scraps  obtained  in  smelting  tin  ores  and  refining  tin, 
usually  containing  a  notable  amount  of  Fe  and  As,  also  occasionally 
showing  Cu,  Bi,  W,  and  Mo ; 

c.  Deposits  Which  form  on  the  soles  of  the  shaft  furnaces  when 
smelting  tin  ores,  and  consist  chiefly  of  Fe  and  Sn,  but  not  unfre- 
quently  contain  some  As,  Cu,  W,  Mo,  and  Bi ; 

d.  Tin  slags. 

When  copper  ores  occur  with  stannite  or  cassiterite  and  cannot  be 
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perfectly  separated  in  extracting  and  dressing  the  ores,  a  stanniferous 
copper  matt  is  formed  during  the  smelting  process,  while  stannif- 
erous copper  is  especially  separated  during  the  fusions  for  concen- 
tration. 

Examination  for  Tin. 

Including  the  Uow2)ipe  characteristics  of  the  miiierals  mentioned 

above. 

a.  General  examination  for  tin. 

The  behavior  of  metallic  tin  and  the  coat  of  oxide  on  charcoal 
have  been  given  on  p.  68.  If  the  tin  contains  lead  or  bismuth  it 
is  scarcely  possible  to  keep  a  globule  of  the  alloy  in  fusion,  even  in 
the  best  E.  F.,  without  having  it  covered  with  a  crust  of  oxide.  By 
adding  borax,  however,  and  treating  this  with'  the  E.  F.,  an  admix- 
ture of  lead  or  bismuth  may  be  recognized  by  the  yellow  coat  de- 
posited on  the  coal.  Should  it  be  doubtful  whether  lead  or  bismuth 
is  present,  the  coat  is  carefully  scraped  off,  dissolved  in  S.  Ph.  on 
platinum  wire,  and  the  bead  treated  on  coal  with  tin.  Bismuth  is 
indicated  by  the  gray  or  black  appearance  of  the  cold  bead,  p.  100. 
The  presence  of  arsenic  is  also  ascertained  by  the  odor,  while  treating 
the  alloy  with  the  borax,  which  afterwards  oxidized  on  platinum 
wire  will  also  show  a  yellow  color  in  presence  of  iron.  Tin  is  tested 
for  copper  by  fusing  it  on  coal  with  a  mixture  of  one  hundred  parts 
by  weight  of  soda,  fifty  borax,  and  thirty  silica,  as  described  in  the 
separation  of  tin  from  copper  under  the  quantitative  copper  assay. 
The  remaining  button  of  copper,  containing  only  a  little  tin,  is 
treated  with  S.  Ph.  on  coal  in  0.  F.,  until  the  glass  is  colored.  The 
S.  Ph.  glass  may  then  be  further  tested  with  tin,  to  ascertain  whether 
copper  is  actually  present  or  not.  Tungsten,  which  usually  is 
present  only  in  trifling  quantities,  cannot  always  be  detected  with 
certainty  by  the  fluxes,  because  the  tin  is  seldom  quite  free  from 
iron ;  but  on  dissolving  enough  of  the  tin  by  warming  it  with  aqua 
regia,  diluting  with  water,  decanting  the  clear  solution  after  the 
residue  has  settled,  and  digesting  the  latter  with  fresh  aqua  regia, 
yellowish-green  tnngstic  acid  remains,  if  the  tin  contained  tungsten. 
The  acid  solution,  usually  yellow  from  iron,  is  again  decanted,  the 
residue  of  tungstic  acid  washed  with  water,  and  tested  with  S.  Ph. 
on  platinum  wire,  when  after  a  short  treatment  in  E.  F.  it  affords  a 
blue  bead,  p.  100. 

Tin,  when  present  in  alloys,  is  almost  always  detected  on  fusing 
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them  upon  coal,  since  the  globule  cannot  he  kept  bright  even  in  the 
R.  F.,  but  quickly  becomes  covered  with  an  increasing  crust  of  oxide, 
which  can  only  be  removed  with  difficulty  after  adding  borax. 

Metallic  sulphides  containing  tin,  but  yielding  no  coat  of 
oxide  of  tin  near  the  assay  when  treated  alone  on  coal,  must 
be  roasted  and  treated  in  R.  F.  with  soda  and  borax,  when  metallic 
tin  is  obtained,  which  may  be  tested  alone  on  coal.    If  other  redu- 
cible metals  are  present  they  afford  an  alloy,  in  which  the  other 
metals  can  be  recognized  by  means  of  the  fluxes. 

In  metallic  oxides,  or  substances  generally,  which  are 
composed  of  oxides,  tin  may  be  best  detected  by  a  re- 
duction assay  on  coal  with  soda,  or  neutral  oxalate  of  potassa ;  it  is, 
however,  necessary  in  certain  cases,  to  add  borax,  so  as  to  slag  off  the 
considerable  amount  of  iron  present. 

h.  Blowpipe  characteristics  of  the  above  minerals. 

Stannite  alone  on  coal  in  R.  F.  fuses  to  a  globule.  In  0.  F.  it 
evolves  sulphurous  acid  and  is  covered  with  oxide,  which  is  also 
deposited  on  the  coal  near  the  assay  and  can  be  immediately  recog- 
nized by  its  well-known  properties;  p.  68. 

In  the  open  tube  it  yields  sulphurous  acid  and  some  oxide,  which 
collects  quite  near  the  assay  and  cannot  be  volatilized  again.  WeU 
roasted  with  alternate  0.  F.  and  R.  F.,  it  shows  iron  and  copper  with 
borax. 

A  little  zinc,  which  maybe  found  in  the  wet  way,  cannot  be  detect- 
ed B.  B.,  since  the  coat  which  it  forms  is  concealed  by  the  oxide  of  tin. 

Cassiterite  behaves  like  binoxide  of  tin,  p.  109,  but  with  a  suffi- 
cient quantity  the  borax  bead  occasionally  shows  a  yellowish  color, 
only  while  hot,  owing  to  some  iron ;  a  feeble  manganese  reaction  is 
frequently  obtained  with  soda  and  nitre.  A  small  quantity  of  tan- 
talic  or  hyponiobic  acid  can  be  found  by  the  method  to  be  given 
under  tantalum  and  niobium. 

Stannit  is  infusible  on  coal  and  in  the  forceps.  It  dissolves 
slowly  to  a  colorless  glass  in  borax  and  S.  Ph.  giving  a  silica  skele- 
ton with  the  latter.  With  little  soda  fuses  to  a  slag-like  mass,  with 
more  in  R.  F.  affords  metallic  tin. 

c.  Examination  for  tin  in  metallurgical  prodticts,  including  their 

bloivpipe  characteristics. 

The  behavior  of  commercial  tin  nay  be  deduced  from  the  remarks 
under  a,  on  tin  in  general. 
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The  diflferent  sorts  of  tin  scraps  from  smelting  and  refining  tin 
behave  variously,  but  their  constituents  may  be  quickly  detected  by 
testing  them  on  coal  and  with  the  fluxes,  observing  all  that  was  said 
under  a. 

The  deposits  on  the  sole  of  the  furnace,  treated  on  coal  with  borax 
in  R.  F.,  sometimes  yield  an  unmistakable  coat  of  oxide  of  tin.  The 
manner  of  detecting  the  remaining  ingredients  may  be  deduced 
from  the  general  remarks  on  metallic  compounds  under  iron,  p.  232. 

Should  there  be  so  little  tin,  however,  as  to  yield  no  distinct  coat, 
it  is  only  necessary  to  dissolve  the  product  in  nitric  acid  and  test  the 
residue  of  binoxide  of  tin  with  soda  on  coal. 

Tin  slags  fuse  in  R.  F.  alone  on  coal,  without  producing  a  notice- 
able coat,  but  by  a  reduction  assay  with  soda  and  borax,  metallic  tin 
is  obtained.  The  other  ingredients  are  detected  as  given  under 
lime,  p.  155,  but  some  silver  must  be  added  when  it  is  proposed  to 
reduce  all  the  oxide  of  tin.  If  the  slag  cc  atains  tungstic  acid  the 
whole  of  the  tungsten  is  found  in  the  separated  silica,  vide  tin  slags, 
under  tungsten. 

10.  Bismuth,  Bi. 

Its  occurrence  in  the  mineral  hingdom  and  in  metallurgical 

products. 

Bismuth  belongs  to  the  rarer  metals  ;  it  is  found : 

a.  Metallic  in 
Native  bismuth, — Bi. 

I.  Combined  with  other  metals  in 
Tetradymite  {telluric  Msmuth), — A  name  given  to  several  isomor- 

phous   compounds,  some  of  which  also  contain    sulphur   and 

selenium.    Dana  gives  the  following  species : 

Tetradymite. — 1.  Free  from   sulphur, — Bi  Te^  with  51.9  Bi ; 

2.  Sid2Jhurous,—B\  (|  Te+|  S)^  with  58.3  to  61.3  Bi ;  3.  Sele- 

niferous,  from  Tellemark,  which,  according  to  Berzelius,  gives 

B.  B.  a  strong  odor  of  selenium ; 

Joseite,-~^\^  Te*  (S,  Se)*,  with  78.4  to  79.1  Bi,  from  Brazil ; 

Welirlite—B\  (Te,  S)',  with  61.1  Bi,  from  Hungary; 
Chilenite,  vide  silver. 

c.  With  suljjJiicr  and  arsenic  in 

Alloclasite,— S,  As,  Bi  (30.1  per  cent.),  Co,  Fe  (Zn,  Ni,  An). 

d.  With  sulphur  in 

Bismuthinite  {Msmuth  gla7ice),—Bi,  with  81.2  Bi,  occasionally  some 
Fe  and  Cu ; 
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Emplectite,— 6u  Bi,  with  62  Bi  and  18.9  Cu; 
Wittichenite,— ^u'  Bi,  with  42  Bi  and  38.4  Cu ; 
Aikinite,  from  Beresof,    ) 
Chiviatite,  >  vide  lead ; 

Kobellite,  ) 

Annivite,  vide  copper; 
Griinauite,  vide  nickel. 

e.  As  sulphide  combined  with  oxide  in 
Karelinite,— Bi  Bi,  with  91.2  Bi.  * 

/.  As  oxide  in 
Bismite  {bismuth  ochre), — Bi,  with  89.6  Bi,  but  always  containing  a 
little  'Be,  C,  S,  and  occasionally  As. 

g.  Combined  with  carbonic  acid  in 
Bismutite  ( Wismuthspath)   from  S.  Carolina, — 3  (Bi  0  +  fl)  +  Bi 

fl,  with  74  Bi  and  a  little  §i,  Xl,  Ca,  iJig,  and  jPe ; 
Carbonate  of  bismuth  {Bismuthit), — Bi,  0,  and  trifling  quantities 
of  Be,  Cu,  §',  and  S.     (Perhaps  when  pure  like  bismutite). 

h.  With  telluric  acid  in 
Montanite,— Bi  Te  +  2  fl  (Dana). 

i.  As  silicate 'with.  phospJiate  in. 

Eulytite  I  A,  IG,  probably  Bi*  Si',  with  some  P,  2e,  Sn,  Fl,  and  fl; 

containing  62.2  Bi; 
Hypochlorite  III,  probably  a  product  of  decomposition, — Si,  Al,  Bi 

(13  per  cent.),  Be,  F,  and  traces  of  Sin  ; 
Atelestite,  probably  silicate  of  bismuth. 

k.  As  vanadate  in 
Pucherite,  I,  1.     Bi  V,  with  Bi  71.67. 

Bismuth,  which  is  generally  extracted  from  cobalt  ores  by  a  simple 
liquation  process,  also  forms  an  occasional  accessory  ingredient  in 
certain  metallurgical  products,  viz. :  as  metal,  in  larger  or  smaller 
proportion,  in  cobalt  sjjeiss,  when  the  cobalt  ores  employed  in  the 
production  of  smalt  contain  bismuth.  Bismuth  is  also  concen- 
trated in  the  speiss  and  lead  matt  obtained  as  intermediate  products 
in  smelting  cobalt  ores  containing  bismuth  and  silver;  it  is  fre- 
quently present  in  "brightened"  silver,  and  most  of  it  is  absorbed 
by  the  mass  of  the  hearth  when  the  silver  is  refined.  Lastly,  a  little 
bismuth  may  occur  in  tin,  produced  on  a  large  scale,  unless  the 
roasted  tin  ore  has  been  freed  from  it  by  treatment  with  dilute 
Hydrochloric  acid,  etc.,  previous  to  the  smelting  process. 
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Examination  for  Bismuth, 

Including  the  blowpipe  characteristics  of  the  above-named 

minerals. 

a.  General  examination  for  bismuth. 

Bismutli  in  alloys,  as  they  occur  in  nature  and  among  metallur- 
gical products,  may  be  recognized  by  the  coat  aflforded  by  the  sub- 
stance alone  on  coal,  and  which  is  best  obtained  in  E.  F.  It 
is  dark  orange-yellow  while  hot,  lemon-yellow  on  cooling,  and 
changes  its  place  under  the  E.  F.,  without  coloring  the  flame,  p.  G7. 
When  easily  volatilizable  metals  are  present  they  partly  pass  off, 
partly  in  fumes  and  partly  afford  a  coat,  adjoining  the  bismuth  coat, 
e.  g.,  tellurium,  arsenic,  etc. 

Bismuthiferous  lead,  which  is  more  or  less  brittle  according  to  the 
proportion  of  bismuth,  is  treated  alone  on  coal,  until  a  distinct  coat 
is  produced,  which  is  carefully  scraped  off,  dissolved  in  S.  Ph.  on 
platinum  wire  in  0.  F.,  and  the  colorless  bead  treated  with  tin  on 
coal  in  E.  F.  If  bismuth  was  present  the  cold  bead  is  dark-gray 
or  nearly  black.  Acids  of  antimony,  however,  produce  a  similar 
reaction,  and  the  metallic  compound  must  first  be  freed  from 
antimony,  if  present,  by  treating  it  for  some  time  on  coal  in  0.  F,, 
and  then  keeping  it  melted  on  a  fresh  coal,  until  a  coat  is  formed, 
which  will  suffice  for  the  S.  Ph.  test. 

To  very  infusible  alloys,  containing  nickel,  for  instance,  some  pure 
silver  must  be  added,  and  the  whole  treated  in  E.  F. 

"When  the  bismuth  is  combined  with  sulphur  a  white  coat  of 
sulphate  of  bismuth  forms  beyond  the  yellow  coat,  but  this 
may  be  prevented  by  adding  soda. 

The  presence  of  much  lead  causes  a  mixed  coat  of  oxides  of  lead 
and  bismuth,  which  can  hardly  be  distinguished  from  a  pure  lead 
coat,  and  a  trifling  amount  of  bismuth  can  then  only  be  detected  by 
a  special  test,  which  may  be  made  in  two  ways.  The  simplest 
method  consists  in  pro'ducing  a  copious  yellow  coat  and  testing  it  as 
before  with  S.  Ph.,  after  first  ascertaining  the  absence  of  antimony 
by  a  special  examination  for  that  metal. 

The  other  method  consists  in  roasting  the  substance  thoroughly, 
but  carefully,  on  coal,  to  prevent  sintering,  fusing  it  then  with  three 
to  four  volumes  of  bisulphate  of  potassa  in  the  platinum  spoon,  and 
treating  the  mass  with  water  in  a  small  porcelain  dish  over  the  lamp, 
until  everything  is  detached  from  the  spoon.  Sulphate  of  potassa 
and  other  soluble  sulphates  are  dissolved,  leaving  neutral  sulphate  of 
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lead  and  basic  sulphate  of  bismuth ;  only  a  trifling  quantity  of  the 
bismuth  is  dissolved  as  neutral  sulphate.  Antimony,  if  present, 
also  remains  behind  as  acid. 

After  decanting  the  clear  solution,  the  residue  is  heated  to  boiling 
with  pure  water,  a  few  drops  of  sulphuric  acid  and  some  nitric  acid, 
when  the  sulphate  of  bismuth  dissolves,  leaving  a  residue  of  sul- 
phate of  lead,  with  any  oxide  of  antimony  present.  After  filtration 
the  bismuth  is  thrown  down  from  the  warm  filtrate  by  means  of 
S.  Ph.,  as  a  white  precipitate,  Avhich  is  collected  on  a  filter  and  tested 
with  S.  Ph.  The  bead  on  platinum  wire  is  colorless,  or  only  yel- 
lowish, but  on  coal  with  tin  in  E.  F.  becomes  dark-gray  on  cooling, 
behaving  therefore  like  oxide  of  bismuth.  It  may  also  be  recognized 
as  such  on  coal. 

When  substances  containing  oxide  of  bismuth  are  treated  oxides,  etc 
alone,  or  with  soda,  on  coal,  they  yield  an  unmistakable 
bismuth  coat.    Should  there  be  any  doubt,  the  coat  may  be  scraped 
off  and  tested  with  S.  Ph.,  provided  the  substances  are  free  from 
oxide  of  antimony.    (See  Section  III.  h,  of  the  Appendix.) 

h.  Bloiupipe  characteristics  of  the  minerals  containing  hismutli 

above  mentioned. 

Native  bismuth  behaves  like  pure  bismuth,  p.  67. 

COMPOUNDS   OF   BISMUTH   WITH   TELLUEIUM,    SULPHUE,   AND 
SELENIUM,   SEPAEATELT   AND   TOGETHEE. 

Tetradymite,  free  from  sulphur,  fuses  easily  and  yields  in  the  open 
tube  white  fumes,  Avhich  partly  stream  through  the  tube  and  partly 
condense  near  the  assay;  when  selenium  is  present  a  strong  heat 
causes  a  red  spot  due  to  the  admixture  of  selenium,  which  also 
imparts  a  strong  odor  of  selenium  to  the  escaping  gas.  The  white 
coat  fuses  B.  B.  to  clear,  colorless  drops,  and  is  thus  recognized  as 
tellurous  acid,  but  the  reddish  film  volatilizes.  After  the  volatile 
constituents  are  mostly  expelled  the  metallic  globule  is  surrounded 
by  brown  fused  oxide  of  bismuth,  which  is  opaque  and  yellow  when 
cold.  On  coal  fuses  very  easily  to  a  metallic  globule,  colors  the 
liame  bluish-green,  diffuses,  if  seleniferous,  a  distinct  selenium  odor, 
and  deposits  a  white  coat,  with  a  dark  orange-yellow  one  still  nearer 
the  assay.  The  former  disappears  under  the  E.  F.  with  a  bluish- 
green  flame,  the  latter  becomes  lemon-yellow  on  cooling.  The 
remaining  button  can  be  entirely  volatilized,  furnishing  an  abundant 
bismuth  coat. 
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The  sulphurous  varieties  also  yield  sulphurous  acid  in  the  tube. 

Wehrlite  behaves  like  tetradymite  containing  sulphur. 

Joseite  does  the  same,  but  affords  the  selenium  reactions  distinctly, 

BISMUTH  WITH  ARSENIC   AND   SULPHUR. 

Alloclasite  affords  arsenic  fumes  and  a  bismuth  coat  on  coal,  and 
fuses  to  a  dull  gray  button  (Naumann). 

BISMUTH   COMBINED   WITH   SULPHUR   AND    OTHER   METALLIC 

SULPHIDES. 

BismiUMnite  fuses  in  the  closed  tube,  yielding  a  little  sulphur. 
Carefully  heated  in  the  open  tube  it  fuses,  yielding  sulphurous  acid 
and  a  coat  of  sulphate  of  bismuth,  which  fuses  B.  B.  to  brown  drops, 
yellowish  and  opaque  on  cooling.  Strongly  heated  the  assay  boils, 
and  oxide  of  bismuth  is  deposited  in  the  surrounding  glass.  On 
coal  it  first  yields  some  sulphur,  then  fuses,  spirts  out  glowing  drops, 
and  deposits  coats  of  oxide  and  sul|)hate  of  bismuth.  When  all  the 
bismuth  is  removed  a  trifling  scoria  usually  remains,  which  fre- 
quently affords  iron  reactions  and  sometimes  copper  with  the  fluxes. 

Empledite  and  tvittichenite  behave  similarly.  The  residue  on 
coal  yields  a  copper  button  with  soda  or  neutral  oxalate  of  potassa. 

SULPHIDE   WITH   OXIDE   OF   BISMUTH. 

Karelinite  yields  some  sulphurous  acid,  but  no  sulphur,  in  the 
matrass;  metallic  globules  of  bismuth  separate  from  the  fused 
mass.  In  the  open  tube  sulphurous  acid  and  a  button  of  metal, 
Burrounded  by  easily  fusible  oxide  of  bismuth.     Hermann. 

OXIDE   OF   BISMUTH. 

Bismite  generally  yields  water,  and  upon  addition  of  hydrochloric 
acid  frequently  shows  a  little  carbonic  acid.  With  fluxes  and  on 
coal,  like  oxide  of  bismuth,  p.  100. 

SALTS    OF   BISMUTH. 

Bismutite  in  the  matrass  decrepitates,  yields  water,  becomes  brown, 
and  fuses  readily  on  the  glass.  On  coal  is  quickly  reduced  to  bis- 
muth. In  S.  Ph.  a  dark  yellow  bead,  colorless  on  cooling  and 
showing  flakes  of  silica.  Dissolves  in  nitric  acid  with  effervescence, 
leaving  a  yellow,  clayey  residue.     (Eammelsberg.) 

Carbonate  of  Usmuth  (Bismuthit)  yields  in  the  matrass  a  little 
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water,  decrepitates  and  turns  gi'ay.  On  coal  reduces  with  efferves- 
cence to  bismuth,  which  affords  a  bismuth  coat  and  can  be  driven 
away,  leaving  a  trifling  scoria.  This  in  E.  F.  fuses  to  a  magnetic 
globule,  and  shows  chiefly  iron  and  copper  with  the  fluxes.  With 
soda  on  coal  the  powdered  mineral  affords  a  sulphur  reaction.  It 
dissolves  in  hydrochloric  acid,  with  evolution  of  carbonic  acid  to  a 
pale,  yellowish  fluid. 

Montanite,  according  to  Dana,  yields  water  in  the  closed  tube. 
B.  B.  gives  reactions  for  bismuth  and  tellurium. 

Eulytite  is  unaltered  in  the  closed  tube.  (According  to  Dana 
decrepitates  and  affords  a  trace  of  water.)  In  the  forceps  fuses  very 
readily  with  intumescence,  and  if  pure,  tinges  the  flame  bluish-green 
(phosphoric  acid).  On  coal  swells  and  fuses  easily  to  a  brown  bead, 
deposits  a  bismuth  coat  and  sometimes  emits  an  arsenical  odor. 
With  a  little  soda  effervesces  and  yields  metallic  bismuth  and  a  bead, 
colored  blue  by  a  little  cobalt.  If  this  bead  is  powdered,  treated 
with  acetic  acid,  diluted  with  water,  filtered,  and  the  solution  treated 
with  a  few  drops  of  solution  of  acetate  of  lead,  phosphate  of  lead 
forms  and  produces  a  distinct  cloudiness.  The  S.  Ph.  glass  showa 
silica,  and  with  tin  on  coal  bismuth. 

Hypocliloriie  is  infusible  in  the  forceps,  but  assumes  a  dark-brown 
color.  With  sulphuric  acid  the  powder  yields  a  distinct  phosphoric 
acid  flame,  p.  76.  On  coal  in  E.  P.  yields  a  trifling  bismuth  coat, 
without  fusing.  Dissolves  slowly  in  borax,  showing  iron,  and  the 
saturated  glass  in  E.  F.  on  coal  becomes  somewhat  cloudy  and  then. 
assumes  a  yellowish-gi*een  color,  while  a  slight  bismuth  coat  is 
formed.  The  S.  Ph.  bead  is  yellow  and  shows  silica ;  on  coal  with 
tin  becomes  dark  gray. 

With  soda  on  coal  it  fuses  with  effervescence  to  a  globule,  and 
produces  a  distinct  bismuth  coat,  while  a  slight  manganese  reaction 
is  obtained  with  soda  and  nitre. 

c.  Metallurgical  products. 

The  remarks  under  the  general  examination  for  bismuth  apply 
here. 

11.  Uranium,  U. 

Its  occurrence  i7i  the  mineral  kingdom. 

TJranium  is  found  in  the  following  minerals  : 
a.  As  oxide  in 
Crauinite  {pitcliUende), — tJ  '&,  but  always  containing  considerable 
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quantities  of  other  substances,  viz. :  Pb,  Bi,  Cu,  Fe,  Co,  V,  As, 
S,  da,  jVEg,  Si,  and  fi ;  coracite  should  probably  be  included 
here ; 
Ehasite  [pittinite),  mainly  hydrated  sesquioxide  of  uranium,  with 

Ph,  Ca,  Mg,  ^e,  ]^e,  Si,  0,  and  'P ; 
Gummite  from  Johann-Georgenstadt,  essentially  hydrated  sesqui- 
oxide of  uranium,  mixed  with  some  phosphate  of  lime  and  Si, 

and  containing  traces  of  As,  V,  and  F. 
b.  Combined  with  acids. 

a.  With  sulphuric  acid,  as  a  yellow  basic  salt  in 
Zippeite  from  Joachimsthal, — ^'  E"  +  13  fl;  the  cupreous  variety, 

— Ou  H  +  U'  E'  +  12  a ; 
Uraconite,  same  locality, — 2  ^'  "S  +  27  £[ ; 
Uranvitriol,  from  same  locality, — tf*  S  +  18  fl. 

As  sulphate  of  proto-sesquioxide  in 
Johannite,  according  to  Lindacker, — 67.7  tf  ^,  6  Ou,  0.2  f'e,  20  S, 

5.6  fl; 
Voglianite, — (tJ',  ^)*  *S  +  2  £[,  one  variety  containing  1.66  Oa,  and 

another  containing  2.24  Cu  (Dana) ; 
Uranochalcite  {urangriln)  with  6.5  Cu,  10.1  Ca,  27.1  fi,  and  36.1  Xi 

C; 
Medjidite,  probably  ©^  'S  +  Ca'  *S  +  15  fi,  thus  approaching  urano- 
chalcite, Dana. 
/3.  With  phosphoric  acid  in 

Autunite  {lime-uranite), — (Ca'  J*  +  2  ^'  P)  +  24  S,  with  a  little 

Sa;  Dana  writes  C*  P  +  Ca  £[  +  7  fl; 

Torbernite  {copper-uranite),—{(jn^  P  +  2  K'  P)  +  24  £[  j  or  C"  P  + 
Cu  fi  +  7  £[,  Dana.  ' 
y.  With  carbonic  acid  in 
Liebigite,— (2  Ca  C  +  ^'  C)  +  36  fi,  Rammelsberg;  or  (Ca  C  +  C 

C)  +  20fl,  J.  L.  Smith; 
Uran-Kalhcarbojiat  from  Joachimsthal,  related  to  the  preceding, — 

(CaC+T:rC)+5a; 
Voglite,  perhaps  ll  C  +  fi  ;  II  =  tJ,  Ca,  Cu. 

5.  With  hyponiohic  acid  in 
Samarskite,  vide  yttria. 

e.  With  silicic  acid  in 
Uranophane  II-III,  1,— (^  R'  +  f  U)  Si  +  fl;  II  =  Ca,  Ug,  t. ;  U 
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=  C,  Al.      Contains    tetradymite    and    various    disseminated 

sulphides. 
Trifling  quantities  of  uranium  are  also  found  in 
Pyrochlore,  from  Brevig  and  Fredriksvarn,  vide  lime ; 
Fergusonite,  yttrotantalite,   euxenite,    tyrite,    and    polycrase,  vide 

yttria. 

Examination  for  Uranium, 

Including  the  blowpipe  characteristics  of  the  minerals  above 

enumerated. 

a.  General  examination  for  uranium. 

When  testing  for  uranium  the  chief  point  to  be  considered  is  the 
behavior  of  its  sesquioxide  with  S.  Ph.,  with  which  in  0.  F.  it  yields 
a  yellow  glass,  becoming  yellowish-green  on  cooling  and  pure  green 
in  R.  F.,  p.  111. 

In  absence  of  other  oxides  producing  similar  colors,  S.  Ph.  yields 
decisive  results,  but  when  oxides  of  iron  and  possibly  also  titanic 
acid  are  present,  in  which  case  the  S.  Ph.  bead  in  R.  F.  becomes  red 
on  cooling,  vide  iron,  p.  225,  the  urantum  color  can  only  be  perceived 
by  treating  the  glass  in  0.  F.,  when  it  assumes  on  cooling  a  green 
color,  mixed  with  much  yellow. 

When  there  is  little  uranium  and  much  iron  the  fluxes  show 
only  the  iron,  and  the  substance  must  then  be  treated  with  bisul- 
phate  of  potassa,  carbonate  of  ammonia,  etc.,  vide  iron,  p.  225. 

Substances  containing  oxides  of  copper  and  uranium  yield  green 
beads  in  0.  F.  with  borax  and  S.  Ph.,  and  as  substances  containing 
oxides  of  iron  and  copper,  without  uranium,  do  the  same,  the  fol- 
lowing method  may  be  adopted  to  detect  the  presence  of  a  little 
uranium.  The  substance  is  treated  with  soda,  borax,  and  a  silver 
button  on  coal  in  E.  F.,  until  all  the  copper  is  reduced  into  the 
silver,  after  which  the  slag,  containing  uranium  and  other  non- 
reducible oxides  like  oxide  of  iron,  in  a  low  state  of  oxidation,  is 
dissolved  by  warming  it  with  a  little  aqua  regia,  treated  with  excess 
of  carbonate  of  ammonia  and  the  process  conducted  according  to 
p.  225. 

h.  Bloivpipe  characteristics  of  the  above-mentioned  uranium 

minerals. 

Uraninite  from  Johann-Georgenstadt  yields  some  water  at  first, 
then  usually,  if  containing  many  foreign  substances,  a  trifling  subli- 
mate of  sulphur,  next  sulphide  of  arsenic,  and  finally  metallic  arsenic. 
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In  tlie  open  tube  evolves  sulphurous  acid,  and  a  ring  of  arsenous 
acid  collects  on  the  tube  ;  the  assay  does  not  alter  perceptibly.  B.  B. 
is  only  rounded  somewhat  on  the  edges  and  usually  tinges  the  flame 
azure-blue  (lead),  near  the  assay,  and  fine  green  at  a  greater  distance 
(copper). 

The  thoroughly  ignitei  mineral  behaves  with  the  glass  fluxes  like 
sesquioxide  of  uranium,  p.  111. 

It  is  not  dissolved  by  soda,  but  if  treated  in  E.  F.  on  coal,  which 
often  causes  a  perceptible  odor  of  arsenic,  after  washing  away  the 
coaly  particles  and  protoxide  of  uranium  in  the  mortar,  it  yields 
metallic  particles  of  a  light  copper  color,  apparently  consisting  of 
plumbiferous  copper,  since  a  yellow  coat  is  also  produced  on  the  coal. 
A  test  with  S.  Ph.  establishes  this  supposition. 

Coracite,  gummite,  eliasite,  yield  much  water;  otherwise  like 
uraninite. 

The  sulphates  of  sesquioxide  of  uranium  yield  water  in  the  mat- 
rass, become  red,  then  brown ;  on  coal  evolve  sulphurous  acid,  and 
react  for  uranium  with  the  fluxes. 

The  sulphates  of  the  proto-sesquioxide  behave  similarly,  but  B.  B. 
change  to  a  brown  or  greenish-black  mass.  The  S.  Ph.  bead  with 
tin  on  coal  is  dark-red  in  presence  of  copper.  The  nitric  acid  solu- 
tion treated  with  water  and  ammonia  in  excess  yields  a  yellow  pre- 
cipitate, which  behaves  like  pure  sesquioxide  of  uranium  with  the 
fluxes.     If  Cu  is  present  the  ammoniacal  solution  is  blue. 

With  soda  on  coal  they  all  yield  a  strong  sulphur  reaction. 

Autunite  yields  water  and  becomes  opaque  straw-yellow  in  the 
matrass.  On  coal  fuses  with  some  intumescence  to  a  black  globule, 
with  a  crystalline  surface.  "With  the  glass  fluxes  shows  uranium. 
"With  soda  a  yellow,  unfused  slag.     (Berzelius.) 

Torlernite  behaves  like  autunite,  but  shows  copper  with  S.  Ph, 
and  tin,  as  well  as  on  reduction  with  soda.  The  copper  button  is  fre- 
quently whitened  by  arsenic,  which  can  be  recognized  B.  B.  by  its  odor. 

Liebigife  yields  water  and  becomes  greenish-gray  in  the  matrass. 
At  a  red-heat  blackens,  without  fusing,  but  becomes  orange-red  on 
cooling. 

B.  B.  in  forceps  and  on  coal  is  infusible  but  remains  black. 

"With  borax  in  0.  F.  a  yellow  bead,  green  in  E.  F.  Dissolves  with 
lively  effervescence  in  hydrochloric  acid,  forming  a  yellow  solution. 
(J.  L.  Smith.) 

The  related  Uran-Kallccarbonat  loses  water  and  becomes  grayish- 
black,  or  by  access  of  air  brownish-black,  is  infusible,  and  shows 
uranium  with  fluxes. 
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Voglite  likewise  blackens  when  heated,  is  infusible  and  colors  the 
flame  gr^en.    It  yields  copper  when  reduced  with  soda. 

Uranophane  yields  alkaline  water  in  the  matrass,  blackens,  and  on 
cooling  is  rusty  brown.  In  the  open  tube  becomes  almost  orange- 
yellow,  and  strongly  heated  yields  trifling  vapors  and  a  coat,  partly 
volatile  and  partly  fusible  to  drops,  I'e,  while  a  feeble  selenium  odor 
is  perceptible.  Alone  the  mineral  fuses  to  a  black  glass  and  imparts 
a  slight  copper  coloration  to  the  flame.  On  coal  aflbrds  coats  of  Sb 
and  Bi.    With  the  fluxes  shows  Si  and  uranium. 


12.  Copper,  Cu. 

Its  occurrence  in  the  miiieral  hingdom  and  in  metallurgical 

products. 

Copper  occurs  quite  extensively  in  nature,  being  found : 

a.  Metallic  in 
Native  copper,  Cu,  occasionally  argentiferous. 

b.  Combined  with  arsenic  in 
Whitneyite,— Cu"  As,  with  88.3  Cu, 
Algodonite, — Cu'"  As,  with  83.5  Cu, 
Domeykite  {arsenical  copper), — Cu'  As  with 

71.6  Cu, 

Condurrite,  essentially  a  mixture  of  Cu'  As,  Gu,  Ou,  Cu,  'K.%,  K.'&y 
contains  51.3  Cu  and  probably  results  from  the  decomposition 
of  arsenide,  or  arsenide  and  sulphide,  of  copper. 

c.  Combined  with  selenium  in 

Crookesite,— (Cu,  Tl,  Ag)  Se,  with  45.7  Cu,  17.2  Tl,  3.7  Ag  (Dana) ; 
Berzelianite, — Cu"  Se,  with  61.5  Cu ; 
Eucairite,  vide  silver ; 

Zorgite  and  Selejiquechsilherlcupferllei,  vide  lead ; 
Selenhupferquechsilher, — Se,  Cu,  Hg,  and  a  little  Fe,  also  occasion- 
ally containing  Pb. 

d.  Combined  with  sulphur  in 

Chalcocite  {copper  glance), — Cu,  with  79.8  Cu,        containing    occa- 
Digenite   (probably  chalcocite  with  covellite,     >     sionally  Fe  and 

Dana  ),— ^u  +  4  Cu  ?,  70.4  Cu,  J      Ag ; 

Covellite   {indigo-copper), — Cu  with   66.4  Cu,  but  not  always  free 

from  Fe  and  Pb  ;  cantonite  has  the  same  composition  ; 
Bornite  {erubescite,  purple  copper), — Gu'  Fe  (or  (Gu,  Fe)  S  +  Fe  in 


nearly  always  con- 
taining some  Ag; 
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Tarying  proportions,  Dana) ;  usnally  mixed  or  combined  with 
more  or  less  clialcocite,  sometimes  also  with  chalcopyrite ; 

Tennantite,— (da,  Fe)*  As,  with  47.7  to  51.6  Cu; 

KujiferUende  {zincfahlerz)  from  Junge  hohe  Birke,  Freiberg, —  (Gu, 
Fe,  Zn)*  As,  with  41  Cu  and  traces  of  Pb,  Sb,  and  Ag;  tennan- 
tite  in  which  Cu  is  replaced  by  8.9  per  cent.  Zn ; 

Enargite  (gitayacanite), — Cu'  As,  with  48.2  Cu,  but  containing  a 

little  Fe  and  Zn  in  place  of  Cu,  and  Sb  in  place  of  As; 

Barnhardtite,-4u=  ie,  with  48.1  Cu,  or  2  Cu  +  Fe  +  Fe  (Dana) ; 
t      III  t 

Homichlin,— Cu'  ¥e  +  2  Fe,  with  44.2  Cu ; 

Tetrahedrite  {gray  copper), — (Cu,  Fe,  Zn,  Ag,  Hg)*  (Sb,  As).  With 
15  to  42  per  cent.  Cu ;  those  with  no  Ag  contain  most  Cu,  while 
in  those  richest  in  silver,  (freibergite,  Weissgultigerz),  the  Cu 
sinks  to  15  per  cent.  The  Hg  yaries  from  0  to  17.2  per  cent. ; 
lead  and  bismuth  are  seldom  present; 

Binnite,— du'  aV  ?  with  39.2  Cu  ; 

Annivite   (according  to  Kenngott  probably  tetrahedrite,  Dana), — 
III  III    III      III 

(Cu,  Fe,  Zn)'  (As,  Sb,  Bi),  with  39.2  Cu ; 

Fieldite,— (6u,  Zn,  fe)'  (Sb,  As),  with  36.7  Cu; 

Aphthonite  {aftonite), — Cu,  Ag,  Zn,  Fe,  Co,  Sb,  and  very  little  Pb; 

contains  32.9  Cu  and  3  Ag; 
_,  I        I         III      III 

Fournetite,— 3  (Cu,  Pb)  (Sb,  As),  with  32  Cu  (Kenngott);  pro- 
nounced by  Fournet  a  mixture  of  galenite  with  copper  ore 
(Dana) ; 

Chalcopyrite  {copper  pyrites), — Cu  Fe  with  34.4  Cu ;  Gu  +  Fe  +  Fe, 
Dana; 

Emplectite, 


vide  silver; 


Wittichenite,    i    ^^'^^  ^^s^^^th ; 
Stromeyerite, 
Stylotypite, 
Jalpaite, 

Freibergite  {dunlcles  WeissgilUigerz), 
Stannite,  vide  tin ;  '  % 

Chalcostibite  {antimonial  copper), — 6u  Sb,  with  24.9  Cu,  but  con- 
taining a  little  Fe  and  Pb ; 

Cubanite,— ^u  ^e  +  2  Fe,  or  (^u  f  Fe  +  3  f  e,  Dana),  with  22.9  Cu 

and  traces  of  Pb ; 
Carrollite,  vide  cobalt; 
Wolchite  {Antimonhujjferglanz),—^  Pb,  Cu,  Sb,  As,  Fe,  with  29,9 
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Pb  and  17.3  Cu ;  altered  bournonite,  as  shown  by  Eammelsberg 

(Dana) ; 
Castillite  — 4i  (Gn,  Zn,  Pb,  Ag)  S  +  Fe  S'  (Dana) ; 
Bournonite,         ^ 
Aikinite, 

Alisonite,  I  vide  lead ; 

Cuproplumbite, 
Clayite, 
Polybasite,  vide  silver. 

e.  Combined  with  chlorine  in 
Atacamite,— (Cu  CI  -f  3  Cu)  +  3  fl,  but  combinations  with  6  tL 

and  9  fl  also  occur;  the  Cu  varies  from  52.7  to  59.4  per  cent. ; 
Tallinorite,— 4  Ou  fl  +  Cu  CI  3  +  3  aq  (Dana) ; 
Percylite,  vide  lead. 
/.  As  oxide  in 

Cuprite  (incl.  chalcotricMie,  red  copper,  and  tile  ore),— On,  with  88.7 
Cu; 

Melaconite  (tenorite),—(jVi,  with  79.8  Cu;  in  Vesuvian  lava;  also 
massive  from  L.  Superior,  with  occasionally  a  little  2e,  Ca,  and 
Si; 

Kiipfcrschwarze  from  Lauterberg, — Ou  11.5  per  cent,  Sin,  ^e,  Jl ; 
Crednerite,  | 

Lampadite  {cupreous  manganese),   ]  ° 

g.  Combined  with  acids. 

CI..  With  sulphuric  acid  in 
Connellite,— according    to    Conuell,    contains   Cu,   S*,   and   Cu  CI 
(Dana) ; 

Brochantite,— Cu  S  +  3  Cu  £[,  with  56.1  Cu ;  Cu  'S  +2^  Cu  fl 
(Dana) ; 

Langite,— Cu  'S  +  3  Cu  fi  +  fi,  Dana ; 

Cyanotrichite,— Cu,  Al,  (le),  "S,  '^,  with  38.2  Cu; 

Chalcanthite  {copper  vitriol,  cyanosite), — Cu  S"  +  5  !&,  with  25.4  Cu  • 

Cyanochroite,  vide  potassa ; 

Pisanite,  vide  iron ; 

Linarite,  vide  lead ; 

Uranochalcite,  vide  uranium. 

j3.  With  phosphoric  acid  in 

Pseudomalachite  {phosphocalcite), — Cu'  P  +  3  Cu  fi,  with  56.6  Cu; 

in  the  variety  from  Ehl  part  of  the  P  is  replaced  by  As ;  Dana 
includes  here : 
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Dihydrite  — Cu=  P  +  2  Ou  fl,  with  55  Cu,  and 

Ehlite,— (Cu'  'P  +  It)  +  2  Ou  ll,  with  53.3  Cu ;  the  variety  from 
Ehl  contains,  according  to  Bergemann,  V  and  may  be  regarded 

as  Ou'  V  +  6  [(Ou'  P  +  fl)  +  3  Ou  fl]  (Rammelsberg) ; 

Libethenite, — Ou'  P  +  Ou  ll,  with  53.1  Cu;  Bergemann  found. 2.3 

per  cent.  As;  the  so-called pseudo-Ubethetiife  has  twice  as  much 

Tagilite  — (Ou'  P  +  2  fi)  +  Cu  fl,  with  49.4  Cu ; 

Thrombolite,— Ou'  P  +  6  fl  ?  ,  with  30  Cu ; 
Torbernite,  vide  uranium. 

y.  With  carbonic  acid  in 
Malachite,— Ou  C  +  Ou  fl,  with  57.4  Cu ; 
Azurite  {blue  malachite), — 2  Ou  0  +  Ou  fl,  with  55.2  Cu ; 
Aurichalcite,  vide  zinc. 

6.  With  arsenic  acid  in 

Clinoclasite, — Ou'  As  +  3  Ou  fl,  with  50  Cu,  but  a  little  Ss  repriced 

byP; 

Olivenite,— Ou'  (As,  P)  +  Ou  H,  with  45.2  Cu; 

Cornwallite,— (Ou'  As  +  3  £[)  +  2  Ou  fl,  with  43.9  Cu; 

Erinite,— Ou'  Is  +  2  Ou  3,  with  41.9  Cu; 

Euchroite,— (Ou'  As  +  6  fl)  +  Ou  H[,  with  37.5  Cu; 

Chalcophyllite, — (Ou'  As  +  n  fl)  +  5  Ou  fl ;  n  varying  between  8, 
10,  and  18  ;  Cu  =  35.5  to  46.3  per  cent.; 

Lindackerite, — according  to  Lindacker,  2  Ou'  'As  +  IsTi'  S  +  7  fi 
(Dana) ; 

Chenevixite, — Xs,  l^e,  Ou  (22  to  31.7  per  cent.),  fl  (Dana) ; 

Bayldonite,— (Ou,  Ph)*  As  +  2  fl,  Ou  =  32.8,  ^h  =  30.7  (Dana) ; 

Tyrolite, — Ou^  Xs  +  9  fl,  with  Oa  0  as  impurity  (Dana) ;  Cu  =  35 ; 

Trichalcite, — Ou'  As  +  5  fl,  with  34  Cu ;  a  little  P  replacing  'Ks ; 

Liroconite,— 3  [Ou'  {Is,  f)  +  12  fl]  +  2  [Al  (P,  As)  +  12  fl],  with 

28.7  Cu ; 

Conichalcite,— 2  (Ou,  Oa)*  (Is,  P)  +  3  fl,  with  1.7  per  cent.  V  and 
25.3  Cu. 
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s.  With  chromic  acid  in 
Vauquelinite,  vide  lead. 

^.  With  vanadic  acid  in 

Volborthite, — Ou*  V  +  fl,  with  48.5  Cu,  but  not  free  from  Ca,  and 
therefore  possibly  identical  with 

KaXkvolbortliit, — (Ou,  Ca)*  V  +  11,  with  about  35  Cu  ; 

Chileite,  vide  lead. 

7],  With  tungstic  acid  in 

Cuproscl  eelite,— Cu  W  +3  Ca  W  (Dana). 
&.  With  silicic  acid  in 

Dioptase  III,  IG, — Cu  Si  +  fl,  with  50  Cu  and  occasionally  a  little 
5^e,  Al,  Ca,  and  Mg; 

Chrysocolla,  III,  IG  (according  to  Dana  does  not  gelatinize), — Cu 
Si  +  2  fl,  with  45  Cu.  Many  varieties  contain  silicate  and  car- 
bonate of  copper  mixed.  The  so-called  Kiipferpeclierz  or  HepU' 
tinerz  contains  much  limonite  as  impurity  in  varying  propor- 
tions. 

Kupferblau  III,  IG, — Cu,  Si,  and  il,  with  36.3  Cu,  belongs  here 
and  includes  Demidoffite,  from  Nischne  Tagilsk,  with  31.5  Si, 

5.7  P",  33.1  Cu,  20.4  ll  and  some  ^1  and  IVTg  (Naumann) ; 
Allophane,  vide  alumina. 

Copper  is  also  frequently  found,  in  addition  to  tbe  regular  copper 
products,  as  an  accessory  ingredient  of  the  silver  and  lead  products 
of  smelting  works,  when  the  ores  treated  were  cupriferous.  It  there- 
fore occurs : 

a.  Metallic  as 
Refined  copper,  cement  copper,  and  in  combination  with  other  metals 
as  raw  or  llach  copper ;  in  liquation  discs,  a,\xdi  residues  ;  in  cu- 
priferous bears,  which  form  under  certain  circumstances  on  the 
sole  of  the  shaft  furnaces  when  copper  ores  or  products  rich  in 
iron  are  smelted ;  finally  in  cupriferous  raw  lead.      As  already 
remarked  under  iron,  p.  221,  Pb,  Ni,  Co,  Fe,  Zn,  Mo,  Sb,  and 
As,  may  occur  with  the  copper,  and  occasionally  some  Ag. 
J.  Combined  with  sulphur  in  the  various  matts  and'  speisses,  vide 
iron,  p.  221  et  seq. 

c.  As  oxide  in 
Kupferglimmer  {micaceous  copper)  obtained  in  refining  antimonial 
raw  copper,  and  consisting  of  (Cu,  l^fi)'*  Sb  and  (Cu,  Iffi)"  Sb ; 
also  in  blue  vitriol  and  in  impure  copperas. 
It  also  occurs  as  suboxide  in  combination  with  oxide  of  lead  and 
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small  quantities  of  other  oxides  in  scraps  and  in  scales  from 
the  liquated  mass,  as  well  as  with  silicic  acid  in  all  sorts  of  slags 
from  the  copper  and  liquation  worka 

Examination  for  Copper, 

Including  the  Hlowpipe  characteristics  of  the  foregoing  minerals. 

a.  General  examination  for  copper. 

Most  native  combinations  of  copper  with  other  metals  contain 
selenium;  when  this  is  expelled  in  0.  F.  on  coal,  other  easily 
volatilized  metals  being  also  partially  removed,  and  the  re- 
maining button  is  treated  wifcli  borax  in  0.  F.,  the  resulting  glass  is 
colored  usually  with  oxide  of  copper,  p.  102.  This  cold  glass  treated 
in  E.  F.  on  a  fresh  coal,  becomes  red  and  quite  opaque  on  cooling, 
but  sometimes,  if  the  E.  F.  is  kept  up  too  loug,  the  copper  is  reduced 
and  leaves  the  glass  colorless.  The  reaction  succeeds  better  when 
the  glass  is  treated  a  few  seconds  beside  some  tin  in  E.  F,,  p.  80; 
part  of  the  tin  oxidizes  at  the  expense  of  the  oxide  of  copper  and 
dissolves  without  coloring  the  glass,  while  the  resulting  suboxide  of 
copper  makes  the  glass  red  and  opaque.  The  lightness  of  the  red 
color  depends  upon  the  freedom  of  the  glass  from  other  coloring 
oxides.     S.  Ph.  may  be  employed  in  place  of  borax. 

When  there  is  only  a  trace  of  copper,  as  in  silver  lead  obtained  on 
the  large  scale,  or  in  lead  reduced  from  cupreous  litharge  or  ahstrich, 
this  method  does  not  always  afford  a  red  bead,  while  in  presence  of 
antimony  the  cold  glass  is  gray  or  black,  and  opaque.  In  such  cases 
the  allov  must  first  be  fused  in  0.  F.  alone  on  coal,  until  all  the 
antimony  is  volatilized,  then  most  of  the  lead  must  be  dissolved  in 
vitrified  boracic  acid,  vide  quantitative  copper  assay,  p,  442,  and  the 
remaining  globule  treated  some  time  with  S.  Ph.  on  coal  in  0.  F., 
after  which  the  glass  bead  is  fused  with  tin  in  E.  F.  A  trace  of 
copper  will  render  the  cold  bead  distinctly  red  and  wholly  or  par- 
tially opaque. 

When  the  alloy  contains  much  nickel,  cobalt,  iron,  and  arsenic, 
most  of  the  Co  and  Fe  can  be  separated  by  borax  on  coal  in  E.  F. 
and  recognized  by  the  color  of  the  glass,  p.  224,  after  which  lead  may 
be  added,  and  this,  with  the  remainder  of  the  cobalt  and  iron,  dis- 
solved in  boracic  acid,  while  the  greater  part  of  the  arsenic  will 
volatilize.  The  remaining  cupriferous  nickel  button,  which  may 
contain  some  arsenic,  is  treated  in  0.  F.  with  S.  Ph.,  which  will  be 
dark -green  while  hot,  becoming  lighter  on  cooling,  and  when  quite 
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cold  fine  green,  if  not  containing  too  little  copper.     The  final  green 
results  from  the  yellow  of  the  nickel  and  the  blue  of  the  copper. 

To  detect  a  little  copper  in  tin  it  is  treated  with  successive  portions 
of  S.  Ph.  on  coal  in  0.  F.,  until  nearly  all  the  tin  is  separated  and 
the  remaining  button  imparts  a  bluish-green  color  to  the  glass,  when 
a  bit  of  pure  tin  is  added  and  the  glass  treated  a  short  time  in  R.  F. ; 
on  cooling  the  bead  becomes  red. 

Compounds  of  copper  with  sulphur  and  with  metallic    g^p{fi"e*;^ 
sulphides  are  roasted  at  a  moderate  heat  on  coal,  p.  77, 
with  the  0.  F.  and  R.  F.  alternately,  until  all  the  sulphur  is  removed, 
and  the  product  is  then  treated  with  soda  in  E.  F.,  yielding  metallic 
copper,  or  dissolved  in  the  glass  fluxes  and  tested  for  copper  with  tin 
on  coal. 

If  other  easily  reducible  metallic  oxides  are  present,  the  reduction 
with  soda  affords  an  alloy  of  copper  and  other  metals,  which,  if  not 
in  one  button,  may  be  obtained  by  washing  away  the  slag  and  coal  in 
the  mortar,  and  is  then  refined  with  lead  and  boracic  acid  on  coal, 
p.  442,  provided  it  contains  no  lead.  When  it  is  desirable  to  avoid 
refining,  the  alloy  may  be  simply  tested  for  copper  with  borax  and 
S.  Ph.  as  above  described  under  metallic  compounds.  In  case  only 
sesquioxide  of  iron  is  present,  the  reduction  does  not  afi'ord  an  alloy, 
but  the  copper  and  iron  are  obtained  apart  and  can  be  clearly  dis- 
tinguished after  washing,  by  the  aid  of  the  magnifier  and  the 
magnet.  The  presence  of  binoxide  of  tin,  as  in  roasted  stannite, 
causes  a  white,  brittle  alloy,  which,  treated  for  some  time  beside  an 
S.  Ph.  bead  in  0.  F.  on  coal,  renders  the  bead  red  and  opaque  on 
cooling. 

Should  the  roasted  substance  contain  other  coloring  oxides  besides 
copper,  excepting  those  of  bismuth  and  antimony,  it  will  always 
yield  the  copper  reaction  as  well  as  the  other  reactions,  if  dissolved 
in  the  fluxes  in  0.  F.  and  then  treated  with  tin  in  R.  F.,  unless  there 
is  too  little  copper.  In  presence  of  much  bismuth  or  antimony, 
however,  the  bead  treated  with  tin  becomes  dark-gray  to  black  on 
cooling  and  the  red  copper-color  is  entirely  concealed.  "When  there 
is  but  little  bismuth  or  antimony  the  bead  frequently  becomes  only 
brownish-gray.  If  a  gray  or  black  bead  is  obtained,  the  roasted  sub- 
stance must  be  fused  in  E.  F.  on  coal,  with  a  mixture  of  soda,  borax, 
and  test  lead.  The  resulting  button  is  then  treated  alone  on  coal,  to 
volatilize  the  antimony,  and  afterward  with  boracic  acid,  until  either 
a  pure  copper  button  remains,  or  all  is  dissolved  and  the  copper  has 
imparted  a  blue,  green,  or  red  color  to  the  boracic  acid;  or  else  the 
copper  buttoi ,  after  being  freed  from  most  of  the  lead  and  bismuth 
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by  means   of  the  boracic  acid,  is  tested  with  S.  Ph.  aid  tin  a? 
above. 

When  a  substance  consisting,  for  instance,  chiefly  of  sulphide  of 
iron,  contains  so  little  copper  that  it  yields  no  reaction  with  borax 
or  S.  Ph.  and  tin,  a  larger  quantity,  about  one  hundred  milligr.,  must 
be  roasted  as  in  the  quantitative  copper  assay,  then  mixed  with  an 
equal  amount  of  soda  and  half  as  much  borax,  and,  in  the  absence 
of  easily  reducible  metallic  oxides,  with  thirty  to  fifty  milligr,  test 
lead,  after  which  the  mixture  is  reduced  as  in  the  quantitative  assay. 
All  the  copper  is  contained  in  the  resulting  button,  which  is  sepa- 
rated from  the  slag  and  can  be  further  treated  for  copper  with 
boracic  acid,  and  then  with  S.  Ph.  and  tin.  In  place  of  the  lead  a 
bit  of  pure  gold  may  be  employed,  which  is  afterward  tested  for 
copper  with  S.  Ph. 

The  oxides  of  copper  can  be  very  easily  recognized  by  testing  with 
the  glass  fluxes,  and  by  reduction  with  soda  or  neutral  oxalate  of 
potassa,  p.  102.  When  other  metallic  oxides  or  acids  are  also  present 
as  in  various  metallurgical  products,  the  remarks  under  iron, 
p.  224,  are  to  be  borne  in  mind.  Antimony  may  be  recognized 
partly  by  its  coat  on  coal  and  partly  by  the  black  bead  afforded  with 
S.  Ph.  and  tin. 
Silicates  and     "^^^  silicates  and  other  salts  of  copper  dissolve  in  0.  F. 

other  salts.  ^^  ^^^  glass  fluxes  to  green  beads,  blue  on  cooling,  if  free 
from  other  coloring  oxides.  The  greater  part  of  the  silica  remains 
undissolved  in  S.  Pli.  Treated  with  tin  on  coal  the  beads  become 
red  and  opaque  on  cooling. 

To  obtain  metallic  copper,  sulphates  and  arsenates  must  first  be 
thoroughly  roasted  on  coal,  and  the  product,  as  well  as  the  remain- 
ing salts,  then  reduced  with  soda  and  borax,  when  the  copper 
generally  unites  to  a  single  button,  while  the  difficultly  reducible 
oxides  are  dissolved  in  the  borax.  Phosphate  of  copper,  however, 
only  yields  the  whole  of  its  copper  when  a  bit  of  very  fine  iron  wire 
is  added  to  reduce  the  phosphoric  acid. 

When  a  compound  of  svilphates  or  arsenates  of  coj)per,  nickel, 
cobalt,  and  sesquioxide  of  iron  is  roasted,  the  sulphur  is  volatilized, 
but  part  of  the  arsenic  remains  as  arsenate  of  nickel,  and  when  the 
roasted  substance  is  reduced  with  soda  and  borax,  copper,  nickel, 
and  arsenic  unite  to  a  fusible  button,  while  the  oxides  of  col)alt  and 
iron  dissolve  in  the  borax.  If  the  reduced  button  contains  copper  it 
will  at  once  impart  to  S.  Ph.  in  0.  F.  a  green  color,  becoming  some- 
what lighter  on  cooling  and  due  to  nickel  and  copper.  The  copper 
may  further  be  tested  for  with  tin 
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The  suboxide  of  copper  in  slags  cannot  be  easily  detected  by  means 
of  soda  and  S.  Ph.,  except  in  copper  refining  slags,  because  it  forms 
frequently  a  very  trifling  ingredient,  and  the  main  constituents, 
which  are  silicates  of  the  earths  and  difficultly  reducible  metallic 
oxides,  conceal  the  copper  reaction.  It  is  therefore  always  necessary 
to  reduce  the  slags  with  soda  on  coal.  Should  no  copper  be  thug 
obtained,  a  larger  quantity,  one  hundred  milligr.,  must  be  treated 
with  soda,  etc.,  as  directed  for  the  roasted  sulphide,  p.  294.  Should 
everything  be  dissolved  in  the  boracic  acid  a  very  small  quantity  of 
copper  may  only  produce  a  red,  blue,  or  green  color  at  the  spot  where 
the  last  of  the  lead  was  dissolved,  but  if  there  is  one  per  cent,  of 
copper  in  the  slag  and  the  boracic  acid  is  treated  with  the  E.  F. 
beside  the  lead,  only  the  latter  Avill  be  dissolved  and  the  copper 
will  remain,  showing  while  melted  its  peculiar  bluish-green  color. 
If  the  0.  F.  is  then  directed  upon  the  copper  it  will  oxidize  and 
color  the  whole  bead  red,  from  suboxide.  When  the  remaining 
button  does  not  seem  to  be  pure  copper  it  is  fused  beside  S.  Ph. 
in  0.  F.  and  the  colored  bead  treated  with  tin,  as  above. 

In  the  forceps  cupriferous  minerals  impart  a  green  tinge  to  the 
flame,  which  is  azure-blue  in  presence  of  chlorine,  but  afterward 
becomes  green.  When  much  lead  is  also  present  the  flame  is  blue 
with  a  green  tip.  Should  copper  not  be  thus  simply  detected  it 
may  be  found  by  moistening  the  substance  first  with  hydrochloric 
acid,  when  the  resulting  chloride  of  copper  afi'ords  an  azure-blue,  or 
greenish,  and  in  certain  cases  reddish-blue  color.  Silicates,  e.  g. 
slags,  must  be  finely  powdered,  moistened  with  hydrochloric  acid  in 
a  porcelain  dish,  dried  over  the  flame,  the  powder  stirred  to  a  thin 
paste  with  water  and  then  fused  B.  B.  on  platinum  wire,,  when  the 
azure-blue  color  will  appear,  if  copper  is  present. 

h.  Blowpipe  characteristics  of  tlie  foregoing  cupriferous 

nmierals. 

Metallic  copper  fuses  to  a  bright,  bluish-green  globule,  which  ia 
covered  with  black  oxide  on  cooling.  lu  0.  F.  shows  oxide  of  copper 
reactions  with  the  fluxes. 

ARSENIDE   OF   COPPER. 

Wliitneyite,  algodonite,  and  domeykite  yield  no  sublimate  in  the 
closed  tube.  On  coal  they  fuse  readily  to  a  bright  globule,  evolve 
arsenical  fumes,  and  then  react  for  copper  with  the  fluxes. 

Condurrite  at  first  yields  water  in  the  matrass,  then  arsenous 
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acid,  and  assumes  on  the  surface  a  silver-white  color,  inclining  to 
bluish.  In  the  open  tube  yields  arsenous  acid.  On  coal  fuses 
easily,  evolves  a  strong  arsenic  odor  and  yields  a  yellowish,  metallic 
mass,  which  reacts  weakly  for  iron  with  borax  in  E.  F.  and  then 
shows  copper. 

SELEJSriDES. 

Berzelianite  fuses  readily  to  a  gray,  somewhat  sectile  button  and 
evolves  an  odor  of  selenium.  In  the  open  tube  a  red,  pulverulent 
sublimate  of  selenium,  bordered  by  a  crystalline,  easily  volatile  sub- 
limate of  selenous  acid.  Roasted  and  reduced  with  soda  it  yields 
copper.     (Berzelius.) 

Selenlcupferquechsilher  yields  in  the  matrass  mercury  and  selenium, 
and  at  a  strong  heat  sulphurous  acid  can  be  "detected.  On  coal 
volatilizes,  afibrding  a  strong  coat  and  odor  of  selenium,  and  leaves  a 
trifling  residue.     By  reduction  affords  traces  of  copiDer  and  iron. 

CrooTcesite  fuses  very  readily  to  a  greenish-black,  shining  enamel, 
and  colors  the  flame  strongly  green.     (Dana.) 

COPPER   COMBINED    WITH   SULPHUR   AND   WITH    OTHER   SULPHIDES. 

Chalcocite  yields  nothing  in  the  closed  tube;  in  the  open  tube 
sulphurous  acid.  On  coal  fuses  readily  to  a  globule,  v/hich  spirta 
and  evolves  sulphurous  acid.  The  powder  reduced  with  neutral 
oxalate  of  potassa  yields  copper  and  sulphide  of  potassium,  which 
sinks  into  the  coal  and  is  strongly  hepatic. 

Digenite  yields  traces  of  water  and  a  sulj^hur  sublimate  in  the 
closed  tube.     On  coal  yields  some  sulphur,  otherwise  like  chalcocite. 

Covellite  yields  traces  of  water  and  much  sulphur  in  the  closed 
tube.  In  the  open  tube  sulphurous  acid  and,  if  quickty  heated, 
sulphur.  On  coal  burns  with  a  blue  flame,  then  behaves  like 
chalcocite. 

Bornite  only  becomes  darker  in  the  closed  tube ;  in  the  open  tube 
yields  sulphurous  acid.  On  coal  fuses  easily  to  a  brittle,  magnetic 
globule,  with  grayish-red  fracture.  The  roasted  powder  yields  iron 
and  copper  reactions. 

Tennantite  sometimes  decrepitates  slightly  in  the  closed  tube  and 
yields  sulphide  of  arsenic.  In  the  open  tube  yields  sulphurous  and 
arsenous  acids.  On  coal  fuses  easily,  with  intumescence  and  evolu- 
tion of  sulphur  and  arsetic  fumes,  to  a  dark-gray,  magnetic  globule. 
The  roasted  powder  reac's  for  iron  and  copper,  and  by  reduction 
yields  copper  buttons  and  metallic  iron.  No  coat  is  perceptible  on 
the  coal. 
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KupferUende,  from  Junge  hohe  Birke  and  Alte  Mordgrube,  near 
Freiberg,  decrepitates  very  strongly  in  tlie  closed  tube  and  yields  a 
little  sulphur  and,  at  a  higher  heat,  sulphide  of- arsenic.  Oil  coal 
like  tennantite,  but  is  distinguished  by  affording  a  coat  of  arsenous 
acid  and,  with  E.  F.,  an  abundant  zinc  coat.  Eoasted  in  powder  it 
reacts  for  coj)per  and  iron,  and  by  a  reduction  assay  affords  a  strong 
zinc  coat,  w^hile  copper  and  iron  remain  after  the  coaly  matters  are 
washed  away.  Upon  separating  the  iron  with  the  magnet  and 
cupelling  the  copper  with  lead,  a  little  silver  is  obtained. 

Enargite  decrepitates  with  some  violence  in  the  closed  tube  and 
yields  a  sulphur  sublimate  at  a  gentle  heat ;  more  strongly  heated  it 
fuses  to  a  button,  and  sulphide  of  arsenic  is  given  off.  In  the  open 
tube  the  powder  yields  sulphurous  and  arsenous  acids,  the  latter 
mingled  with  oxide  of  antimony.  On  coal  the  powder  fuses  readily 
to  a  globule  and  affords  slight  coats  of  arsenous  acid  and  oxides  of 
antimony  and  zinc. 

On  pulverizing  and  roasting  this  globule,  dissolving  it  in  borax  and 
reducing  out  the  copper,  a  little  iron  may  be  detected  by  the  greenish 
color  of  the  borax  glass  in  E.  F.  and  the  yellow  color  assumed  by  it 
when  fused  again  in  0.  F.  on  platinum  wire. 

Barnhardtite  and  liomichlin  yield  a  sulphur  sublimate  in  the 
closed  tube ;  otherwise  like  bornite. 

Tetrahedrite  sometimes  decrepitates  in  the  closed  tube,  fuses,  and 
strongly  heated  B.  B.  yields  a  dark-red  sublimate  of  sulphide  with 
oxide  of  antimony,  or   sulphide  of  arsenic,  or  a  mixture  of  both, 

according  as  Sb,  As,  or  both  together  are  present.     A  low  red-heat 

suffices  to  produce  a  dark-gray  to  black  sublimate  of  Hg,  if  present. 
In  the  open  tube  fuses  and  yields  copious  antimonous  fumes  and 
sulphurous  acid,  frequently  also  arsenous  acid  ;  the  residue  is  black 

and  infusible.     If  Hg  is  present  a  mirror  of  mercury  forms  before 
any  considerable  antimonous  fumes  appear;   by  too  rapid  heating 

black  Hg  is  sublimed. 

On  coal  fuses  readily  to  a  globule  and  yields  a  copious  antimony 
coat,  while  with  a  good  E.  F.  a  second  coat  is  formed,  yellowish  while 
hot,  white  on  cooling,  and  showing  zinc  with  cobalt  solution,  p.  252. 
In  presence  of  lead  this  cannot  always  be  detected.  Arsenic  is 
recognized  by  the  odor,  unless  in  too  small<  quantity,  when  some 
soda  must  be  mingled  with  the  powdered  mineral  and  the  Avhole 
treated  in  E.  F.  The  sulphur  is  thus  kept  back  and  the  arsenic  alone 
volatilized.  The  globule  remaining  after  treating  the  mineral  alone 
on  coal  is  pulverized   roasted  and  tested  with  glass  fluxes  and  with 
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Boda,  when  it  yields  reactions  for  iron  and  copper.  Reduction  with 
Boda  and  borax  sometimes  affords  niccoliferous  copper. 

To  detect  a  very  little  mercury  it  may  be  necessary  to  heat  the  fine 
powder,  mixed  with  three  volumes  of  dry  soda,  or  neutral  oxalate  of 
potassa,  in  a  matrass.  Silver  is  found  by  an  assay  with  test  lead,  vide 
quantitative  silver  assay. 

Binnite  yields  in  the  closed  tube  sulphide  of  arsenic,  in  the  open 
tube  sulphurous  and  arsenous  acids.  On  coal  yields  an  arsenic  coat 
and  odor,  and  fuses  with  spirting  to  a  black  globule,  surrounded  by 
a  zinc  coat.    With  the  fluxes  gives  copper  reactions. 

Annivite  behaves  like  plumbiferous  tetrahedrite ;  bismuth  can  only 
be  found  by  the  wet  way. 

Fieldite,  probably,  like  enargite  with  antimony  predominating. 

Aftonite  like  argentiferous  tetrahedrite. 

Fournetite  like  plumbiferous  tetraliedrite. 

Chalcopyrite  decrepitates  in  the  closed  tube,  yields  sulphur  and 
becomes  dark  or  tarnished ;  in  the  open  tube  evolves  sulphurous 
acid  copiously.  Fuses  on  coal,  spirting  and  throwing  off  sparks,  to 
a  black,  rough,  magnetic  globule,  with  a  dark-gray  fracture.  Well 
roasted  gives  iron  and  copper  reactions;  by  reduction  with  soda 
yields  iron  and  copper. 

Chalcostihite  decrepitates  in  the  closed  tube,  fuses,  and  at  a  high 
heat  yields  a  little  sulphide  of  antimony.  In  the  open  tube  evolves 
suliohurous  acid  and  copious  antimonial  fumes.  On  coal  fuses 
readily,  with  evolution  of  antimonial  fumes,  to  a  globule,  which 
tested  with  borax  shows  iron.  The  remaining  globule  yields  copper 
with  soda. 

Cuhanite  yields  traces  of  sulphur  in  the  closed  tube  ;  in  the  open 
tube  sulphurous  acid.  Fuses  readily  on  coal,  with  evolution  of 
sulphurous  fumes,  to  a  magnetic  globule.  Lead,  if  present,  pro- 
duces a  feeble  coat.  Eoasted  in  powder  it  yields  iron  and  copper 
reactions  with  the  fluxes,  and  metallic  iron  and  copper  by  a  reduc- 
tion assay. 

Wolchite  yields  some  water  in  the  matrass  and  fuses  with  evolution 
of  sulphur  and  sulphide  of  arsenic,  to  a  reddish-brown  scoria.  On 
coal  fuses  with  ebullition  and  deposits  antimony  and  lead  coats,  while 
a  lead-gray  metallic  button  remains,  which  after  roasting  yields  Avith 
Boda  a  copper  button.  . 

COPPER   COMBINED   WITH   CHLORINE. 

Atacamite  in  the  closed  tube  yields  water  rather  abundantly  and 
gives  a  gray  sublimate,  becoming  grayish -white  on  cooling.     Fuses 
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on  coal,  affording  an  azure-blue  flame  with  a  green  tip,  and  gives  two 
coats,  one  brownish  and  one  grayish-white.  It  is  reduced  to  a  copper 
button,  surrounded  by  some  slag.  Under  E.  F.  the  coats  change 
their  position,  and  show  the  azure-blue  flame  of  chloride  of  copper. 

Percylite  decrepitates  in  the  closed  tube  and  when  gently  Ideated 
assumes  a  transient  green  color;  little  water  is  obtained,  and  the 
mineral  finally  fuses  to  a  brown  fluid.  B.  B.  in  the  forceps  in  0.  F. 
gives  a  green  flame  with  a  dark -blue  tip ;  on  coal  in  E.  F.  alone,  or 
with  soda,  affords  copper  and  lead  buttons. 

Tallingite  and  connellite  would  undoubtedly  show  the  chloride  of 
copper  flame  [TransL] 

OXIDES   OE   COPPER. 

Cuprite  in  the  forceps  fuses  and  colors  the  flame  emerald-green ; 
moistened  with  hydrochloric  acid  yields  an  azure-blue  flame.  On 
coal  blackens,  fuses  and  is  reduced  to  copper,  which  is  coated  with  a 
thin  film  of  black  oxide  on  cooling. 

Melaconite,  like  oxide  of  copper,  p.  102. 

Kupferschivdrze  sometimes  yields  much  water  in  the  matrass. 
Alone  on  coal  is  reduced  to  a  copper  button,  frequently  surrounded 
by  slag.     With  the  fluxes  affords  reaction^  for  copper,  iron,  and 


manganese. 
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The  sulphates  of  copper  behave  as  follOAvs : — 

Brocliantite  yields  Avater  and  sometimes  blackens  in  the  matrass. 
If  then  powdered,  mixed  with  charcoal  dust  and  strongly  heated  in 
the  closed  tube,  it  evolves  sulphurous  acid.  On  coal  is  reduced  with 
effervescence  to  a  copper  button. 

Lang  He. — B.  B.  on  coal  yields  water,  acid  fumes  and  metallic 
copper.  Heated  it  becomes  bright  green,  losing  one  equivalent  of 
water,  then  various  tints  of  olive-green,  and  lastly  black.  It  has, 
finally,  a  strong  acid  reaction  (Dana). 

Clialcanthite  swells  in  the  matrass,  yields  water  and  whitens. 
When  mixed  with  coal  dust  and  heated  in  the  closed  tube  it  evolves 
sulphurous  acid  copiously. 

On  coal  colors  the  flame  green,  fuses  and  is  reduced  with  effer- 
vescence to  a  copper  button,  coated  with  sulphide  of  copper.  When 
well  roasted  reacts  for  copper  and  sometimes-  iron  with  the  fluxes. 
With  soda  yields  copper. 

The  blowpipe  characteristics  of  cyanotrichite,  pisanite  and  cyano- 
chroite  are  not  known,  but  may  be  readily  inferred  from  their  con- 
stituents. 
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Among  the  jt)7/o.s/)7/n'7'('5,  pseudomalacMte,  dihydrite,  elilite,  and 
libetlienite  behave  as  follows: 

In  the  matrass  they  yield  water,  blacken,  and  sometimes  decrepi- 
tate if  qniclvly  heated.  After  ignition  in  the  matrass  a  fragment 
heated  in  the  forceps  fuses  without  coloring  the  flame  perceptibly; 
the  fused  globule  is  black  and  has  a  crystalline  surface.  Gradually 
heated  on  coal  (in  powdei  if  they  decrepitate)  they  blacken  and  fuse 
to  a  button,  with  a  core  of  metallic  copper.  With  the  glass  fluxes 
they  react  like  oxide  of  copper.  A  sufficient  quantity  of  soda 
causes  their  reduction  to  metal  in  a  strong  flame,  but  with  a  little 
soda  they  swell  up  and  fuse  to  a  globule.  This  phenomenon  is 
repeated  on  each  fresh  addition  of  soda,  until  Anally  a  swollen  mass 
results,  which  only  fuses  hi  a  strong  flame,  spreads  out,  sinks  mostly 
into  the  coal,  and  leaves  metallic  copper.  Arsenic  acid  may  be 
detected  in  some  of  them  by  fusion  with  soda. 

Berzelius  has  proposed  a  test  for  phosphoric  acid  in  these  minerals, 
founded  upon  the  peculiar  behavior  of  phosphate  of  cop})er  with 
metallic  lead.  When  to  the  phosphate  fused  on  coal  an  equal 
volume  of  lead  is  added  and  the  whole  melted  together  for  some  time 
in  a  good  flame,  the  copper  separates  as  metal,  around  Avhich  is  a 
fluid  mass  of  phosphate  of  lead,  Avhich  is  crystalline  when  cold.  If 
the  metallic  button  is  separated  from  this  new  compound  and  the 
latter  treated  alone  in  K.  F.,  a  perfectly  round  bead  finally  results, 
which  on  cooling  crystallizes  with  large  facets  and  usually  has  a  red 
color  (Ou).  This  behavior  shows  that  phosphoric  acid  has  a  greater 
afiinity  for  oxide  of  lead  than  for  oxide  of  copper. 

TayiUfe,  probably  like  the  preceding. 

Thromholite  yields  much  water  and  blackens  in  the  matrass.  lu 
the  forceps  fuses  easily,  coloring  the  flame  at  first  azure-blue,  proba- 
bly from  chloride  of  copper,  but  afterward  emerald-green.  On  coal 
fuses  easily  to  a  black  globule,  which  finally  spreads  out  and  shows 
metallic  eo])per  buttons.  With  glass  fluxes  gives  only  copper  reac- 
tions ;  witli  boracic  acid  and  iron  affords  i)hosphide  of  iron. 

The  carbonates  of  copper  behave  as  follows : 

Malachite  and  azurite  yield  water  and  blacken  in  the  nuitrass. 
Fuse  to  a  button  on  coal  and  are  reduced  to  metallic  co]»per.  With 
the  fluxes  behave  like  oxide  of  copper,  and  dissolve  with  efierves- 
cence  in  hydrochloric  acid. 

Tlie  arsenates  behave  as  follows: 

CUnocIasite,  from  Cornwall,  yields  a  little  water  in  tne  matrass 
and  behaves  like  olivenite. 

Olivenite  yields  some  water  in  the  matrass.    In  the  forceps  fuses 
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to  a  globule  and  colors  the  flame  bluish -green.  On  cooling  it  has  a 
crystalline  appearance.  On  coal  it  fuses,  with  deflagration  and  evo- 
lution of  arsenical  fumes,  to  a  somewhat  brittle,  brown-metallie 
globule,  with  a  white  fracture,  which  treated  with  lead  yields  the 
phosphoric  acid  reaction  described  on  p.  300.  The  detached  button 
of  lead  and  copper  leaves  pure  copper  when  treated  with  boracic  acid, 
p.  U2. 

CornwalUte  yields  water  in  the  matrass.  On  coal  evolves  arseni- 
cal fumes,  and  fuses  to  a  globule  of  copper  surrounded  by  a  brittle 
crust. 

Erinite  frequently  decrepitates  very  strongly  and  yields  much 
water  in  the  matrass.  On  coal  in  powder  is  reduced,  with  evolution 
of  arsenical  fumes,  to  a  brittle  globule  with  a  grayish  fracture,  which 
in  0.  F.  affbi'ds  pure  copper.  In  presence  of  phosphoric  acid  a  tri- 
fling crystalline  slag  remains  with  tlie  copper, 

Enchroite  yields  considerable  water  and  assumes  a  darker  green 
in  the  matrass ;  otherwise  like  olivenite. 

Chcdcophyllite  decrepitates  very  strongly  in  the  matrass,  yields 
much  water  and  breaks  into  fine,  olive-colored  scales.  On  coal  like 
olivenite. 

Tyrolite  decrepitates,  yields  considerable  water  and  blackens  in 
the  matrass;  the  assay  afterward  fuses  to  a  steel-gray  bead  in  the 
forceps.  On  coal  evolves  arsenical  fumes  and  fuses  to  a  gray  scoria, 
in  which  copper  globules  are  formed  by  E.  F.  After  reducing  out 
all  the  copper  with  borax  and  soda  and  then  dissolving  the  slag  in 
hydrochloric  acid,  considerable  lime  may  be  detected  by  adding 
oxalic  acid  to  the  solution,  after  it  is  made  ammoniacal.  The  lime 
is  present  as  carbonate,  as  is  shown  by  the  effervescence  of  the 
mineral  with  warm  nitric  acid. 

Trichalcite  behaves  like  cornwallite. 

Liroconite  yields  much  water  and  becomes  dark  olive-green  in  the 
matrass.  In  the  forceps  fuses  and  colors  the  flame  bluish-green.  On 
coal  fuses,  with  formation  of  bubbles  and  evolution  of  arsenical  fumes, 
to  a  dark  brown  slag,  which  contains  copper  globules  and  Avith  borax 
and  soda  affords  an  arsenical  copper  button.    In  the  slag  alumina, 

partly  combined  with  P,  can  be  detected. 

ConichaJcife  decrepitates  strongly,  yields  water  and  blackens  in  the 
matrass.  On  coal  deflagrates  evolves  a  slight  arsenic  odor,  and  forma 
a  red  slag,  which  has  an  alkaline  reaction  on  litmus-paper.  In  the 
forceps  fuses,  coloring  the  flame  at  first  strongly  green,  but  afterward 
only  green  at  the  extremity,  while  near  the  assay  it  has  a  feeble, 
light-blue  color.    With  borax  in  0.  F.  a  yellowish-green  bead,  blue 
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on  cooling.  With  S.  Ph.  and  lead  on  coal  in  R.  F.  affords  a  glass, 
dark-jellow  while  hot  and  chrome-gi-een  on  cooling  (vanadic  acid). 
Witli  soda  on  coal  in  E.  F.  efferresces,  evolves  arsenical  fumes  and 
fuses  to  a  globule  ;  on  longer  blowing  affords  a  copper  button  and  a 
■white,  earthy  mass.  Lime  and  phosphoric  acid  may  be  detected  by 
the  wet  way. 

Vanadates  of  copper,  volbortMte,  and  KalkvolbortMt  yield  water 
and  blacken  in  the  matrass.  On  coal  yield  a  black  slag  containing 
copper  buttons,  and  if  reduced  with  soda  afford  copper.  With  the 
fluxes  give  copper  reactions.  The  vanadic  acid  is  found  according 
to  p.  339. 

Cuproscheelite  blackens  in  the  closed  tube,  and  gives  off  water. 
B.  B.  fuses  on  the  edges  to  a  black  glass,  and  colors  the  'flame  an 
intense  green.  On  charcoal  blackens,  fuses  with  a  little  intumes- 
cence, forming  finally  a  slag  containing  minute  particles  of  metallic 
copper.     With  fluxes  gives  copper  and  tungstic  acid  reactions  (Dana). 

The  silicates,  dioptase,  and  chrysocoUa  yield  water  and  blacken  in 
the  matrass.  In  the  forceps  are  infusible,  but  color  the  flame 
intensely  green.  With  the  fluxes  yield  copper  reactions,  and  with 
S.  Ph.  a  silica  skeleton.  On  coal  they  blacken  in  0.  F.,  become  red  in 
R.  F.,  and  with  soda  in  R.  F.  yield  copper  buttons. 

c.  Metallurgical  products. 

The  method  of  examining  metallurgical  products  for  copper  may 
be  inferred  from  the  general  remarks  on  pp.  293  and  293. 

13.  Mercury,  Hg. 

Its  occurrence  in  the  mineral  Tcingdom  and  in  metallurgical 

products. 

Mercury  occurs  under  the  following  circumstances  in  nature : 
a.  Metallic  in 
Native  mercury, — Hg,  sometimes  containing  Ag ; 
Amalgam,— Ag  Hg',  with  73.5  Hg  and  26.4  Ag ;  Ag  Hg'  with  64.9 

Hg  and  35  Ag ; 
Arquerite,— Ag'  Hg,  with  13.4  Hg  and  86.6  Ag. 

h.  With  selenium  in 
Tiemannite,  from  the  Upper  Hartz  and  Tilkerode, — Hg  Se,  with 
71.6  Hg.     Kerl,  however,  after  removing  slight  admixtures  of 
pyrite  and  quartz,  found  in  the  remaining  pure  compound  74.8 
to  75.1  Hg. 
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Selenide  of  mercury  also  occurs  in 
Lehrbachite,  vide  lead,  in 
Selenlcupferqueclcsilier,  viclt  copper,  and  in 

Onofrite  from  San  Onofre,  :Mexico,— Hg  Se  +  4  Hg  S,  with  82.8  Hg. 
Selenite  of  suboxide  of  mercury  also  occurs  in  this  locality: 

c.  Combined  with  suljjliur  in 

Cinnabar, — Hg  with  86.2  Hg,  but  not  always  quite  free  from  foreign 

substances,  viz. :  Gu,  l?e,  ^n,  and  earthy  matters  ; 
Hepatic  cinnabar,  a  mixture  of  cinnabar,  coal,  and  earthy  matters ; 
Mercurial  tetrahedrite,  vide  copper. 

d.  Combined  with  chlorine  in 

Calomel  {Jiorn  quiclcsilver), — Hg'  CI,  with  85  Hg. 

e.  Combined  with  iodine  (?)  in 
Coccinite  from  Mexico. 

/.  With  a7itimonic  acid  and  sulphur  in 

Ammiolite, — Sb,  Ou,  fig  (19.9  to  23.6  per  cent.),  S,  fl,  and  quartz ; 
supposed  to  be  a  mixture  (Dana). 
Mercury  also  forms  an  ingredient  of  certain  amalgamation  pro- 
ducts and  residues,  including:  gold  and  silver  amalgam  ;  unwashed 
amalgamation  residues,  which  frequently  contain  finely-divided 
amalgam  and  suhchloride  of  mercury.  When  the  ores  contain  lead 
or  copper  the  residues  may  often  contain  a  little  lead  and  copper 
amalgam. 

Uxamination  for  Mercury, 

Including  the  "blowpipe  characteristics  of  the  foregoing  minerals. 

a.  General  examination  for  mercury. 

Compounds  of  mercury  with  gold  and  silver,  including  native 
and  artificial  amalgams,  and  also  residues  not  yet  purified  from 
silver,  copper,  and  lead  amalgam  by  washing,  are  heated  over  the 
spirit-lamp  in  a  matrass  formed  by  blowing  a  bulb  on  the  end  of 
a  glass  tube.  Fig.  74.  Generally  a  bit  of 
amalgam  as  large  as  a  millet-seed  will  suflBce, 
but  in  case  of  the  residues  from  amalgamation 
the  butb  should  be  at  least  half  filled.  Any 
water  mechanically  combined  will  be  expelled 
by  the  first  action  of  the  heat  and  should  be 
«riped  away  with  blotting  paper.     On  heating  Fig.  74. 

to  redness  the  mercury  separates  in  vapor,  which  condenses  on  the 
colder  part  of  the  tube  at  a  to  small  metallic  globules,  that  cannot  be 


304  PLATTJfER'S   BLOWPIPE   ANALYSIS. 

mistaken  for  any  other  metal.     The  metals  and  residue  in  the  mat- 
rass may  then  be  further  tested  for  gold,  silver,  etc. 

Selenicle  of  mercury  may  be  recognized  by  the  lustrous,  crystalline, 
gray  sublimate  formed  in  the  neck  of  the  matrass.  If  mixed  with 
much  soda  the  mercury  separates  in  globules,  leaving  the  selenium 
combined  with  sodium. 

Combined  with  sulphur,  as  in  cinnabar,  mercury  affords  a  black 
sublimate,  which  assumes  a  red  color  by  friction.  Powdered  cin- 
nabar heated  with  three  volumes  of  soda,  previously  dried  by 
bringing  it  to  incipient  redness  in  the  platinum  spoon,  yields  a 
sublimate  of  metallic  mercury  and  a  little  cinnabar,  while  the  sulphur 
remains  combined  wdth  sodium.  If.  neutral  oxalate  of  potassa,  or, 
better  still,  a  mixture  of  the  oxalate .  w4th  cyanide  of  potassium  is 
employed,  metallic  mercury  alone  is  obtained. 

Artificial  cinnabar,  or  vermilion,  if  adulterated  with  minium, 
leaves  in  the  matrass  a  residue  of  sulphide  of  lead,  which  can  be 
recognized  on  coal.  The  same  remarks  apply  to  an  admixture  of 
sulphide  of  antimony. 

When  sulphide  of  mercury  is  combined  with  other  sulphides,  as 
in  certain  varieties  of  tetrahedrite,  even  when  very  little  is  present, 
the  test  in  the  matrass  aifords,  by  the  first  action  of  the  heat,  a  black 
sublimate  of  this  sulphide,  because  it  is  so  volatile  that  it  can  readily 
be  separated  from  the  other  sulphides  by  an  elevated  temperature. 
Upon  mixing  the  powdered  substance  with  neutral  oxalate  of  potassa 
and  cyanide  of  potassium,  and  heating  it  to  redness  in  a  narrow- 
necked  matrass,  metallic  mercury  separates  and  condenses  on  the 
neck  to  a  gray  coat,  which  may  be  united  to  a  globule  by  gently 
tapping  on  the  glass,  unless  too  little  mercury  is  sublimed.  Should 
there  be  so  little  mercury  that  no  film  can  be  detected  with  certainty, 
the  assay  may  be  repeated  and  the  end  of  an  iron  wire  wrapped 
about  with  a  bit  of  pure  gold  leaf  held  near  the  mixture  while 
heating  it.  The  gold  will  become  entirely  white,  or  at  least  very 
perceptibly  so,  if  the  slightest  trace  of  mercury  is  present. 
Chloride  of  Combined  with  chlorine,  mercury  aflFords  a  white 
mercury,  sublimate  in  the  matrass,  or  if  mixed  with  dry  soda  or 
neutral  oxalate  of  potassa,  metallic  mercury  volatilizes  on  iieating, 
leaving  a  chloride  of  the  alkali.  To  detect  small  quantities  of  the 
chlorides  of  mercury  in  substances  it  is  only  necessary  to  heat  them 
with  soda  or  oxalate  of  potassa,  observing  the  directions  given  for 
detecting  a  trifling  amount  of  sulphide  of  mercury. 

Iodide  of  mercury  (Ilg  I)  fuses  very  easily  in  the  matrass  and 
affords  a  crystalline,  yellow  sublimate,  red  on  cooling.     Suhiodide  of 


EXAMIXATIOX   FOR   ilERCUEY.  305 

mercury  Hg*  I  fuses  and  siiblimes  unaltered,  when  quickly  heated ; 
if  slowly  heated,  it  is  decomposed  into  mercury  and  the  iodide.  In 
the  matrass  with  soda  or  neutral  oxalate  of  potassa  both  compounds 
yield  mercury. 

The    oxy-salts    of   mercury  are   also  best  decomposed  by    salts. 
ignition  in  the  matrass  with  perfectly  dry  soda,  or  neutral 
oxalate  of  potassa,  which  causes  the  separation  of  metallic  mercury. 

J.  Bloivpipe  characteristics  of  the  mercuriferous  minerals  above 

named. 

Native  mercury  sublimes  in  the  matrass  and  condenses  to  small 
globules,  which  can  be  readily  caused  to  unite ;  if  too  strongly 
heated  it  boils  and  spirts.  Any  silver  present  will  remain  behind 
and  can  then  be  cupelled  with  lead,  vide  silver. 

Amalgam  and  arquerite  gradually  heated  to  redness  in  the  mat- 
rass, afford  mercury  and  leave  spongy  silver,  which  may  be  fused  to 
a  button  on  coal,  or  if  impure  may  be  cupelled. 

MERCUET   COMBINED   WITH    SELENIUM. 

Tiemannite  decrepitates  in  the  closed  tube,  swells  and  fuses,  vola- 
tilizing completely  when  pure  and  forming  a  black  sublimate,  brown- 
ish-red at  the  side  farthest  from  the  assay.  The  residue  from  impure 
fragments  reacts  for  iron  and  silica  with  fluxes.  The  addition  of 
considerable  soda  causes  mercury  to  separate. 

In  the  open  tube  it  affords  a  selenium  odor  and  a  black  sublimate, 
followed  by  a  reddish-brown  one  and  then  a  white  sublimate  of 
selenite  of  mercury,  sometimes  fusible  to  drops  like  tellurous  acid. 
On  coal  it  volatilizes  with  an  azure-blue  flame  and  affords  a  lustrous 
metallic  coat,  surrounded  by  a  dark-brown  coat.     (Kerl.) 

Onofrite  {Selensclnvefelquecksilher),  according  to  H.  Eose,  volatil- 
izes unchanged,  yielding  a  black  sublimate  of  mixed  sulphide  and 
selcnide  of  mercury.  With  soda  it  affords  mercury  and  on  coal 
diffuses  a  selenium  odor. 

Onofrit,  a  yellow,  earthy  mineral,  volatilizes  with  a  selenium  odor 
and  affords  a  sublimate  of  mercury  and  some  yellow  compound 
(Kohler). 

SULPHIDE   OF   MERCURY. 

Cinnabar  yields  in  the  matrass  a  dark  sublimate,  which  gives  a 
red  streak.  If  there  is  any  residue  it  occasionally  reacts  for  iron, 
copper,  and  lead. 

20 
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In  the  open  tube  it  affords  sulphurous  acid  and  mercury,  but  if 
quickly  heated  part  of  it  sublimes  unchanged. 

On  coal  volatilizes  completely  if  pure. 

Hepatic  cinnabar  affords  in  the  matrass  a  very  dark  sublimate  of 
cinnabar,  evolves  a  distinct  sulphuretted  hydrogen  odor  and  leaves  a 
black  coaly  mass,  which  on  ignition  in  the  open  tube,  or  on  platinum 
foil,  gradually  disaj^pears,  leaving  only  a  trace  of  earthy  matter. 

Calomel  yields  the  reactions  of  mercury  and  chlorine,  as  given  on 
p.  304.  On  coal  volatilizes  and  forms  a  white  coat,  and  with  S.  Ph. 
and  oxide  of  coj^per  shows  chlorine,  vide  chlorine. 

Iodide  of  mercury  (artificial)  yields  violet  iodine  vapors  when 
heated  with  bisulphate  of  potassa  in  the  matrass.  See  also  under 
the  general  examination  for  mercury. 

c.  Metallurgical  products. 

The  essential  points  regarding  the  examination  for  mercury  in 
these  products  are  given  under  the  general  examination. 

14.  Silver,  Ag. 

Its  occurrence  in  the  mineral  hiiigdom  and  in  metallurgical 

products. 

Silver  occurs  in  nature : — 
a.  Metallic  and  alone  in 
Native  Silver, — Ag,  sometimes  with  a  little  Sb,  As,  Hg,  Co,  Fe,  Cu, 

and  Au. 
■   h.  Combined  with  other  metals : 

a.  With  gold  in 
Native  gold,  vide  gold. 

/3.  With  bismuth  in 
Chilenite,  when  pure  probably  Ag'^  Bi,  with  85.6  Ag  and  14.4  Bi, 
The  accompanying  Cu  and  As  probably  result  from  the  domey- 
kite  which  occurs  with  it. 
y.  With  mercury  in 
Amalgam  and  arquerite,  vide  mercury. 

6.  With  antimony  in 

Dyscrasite  {antimonial  silver),  of  varying  composition ;  from  Wol- 

fach,— Ag"  Sb,  with  84  Ag,  and  Ag'  Sb,  with  77  Ag,  (this  also 

from  Andreasberg) ;    according  to  Domeyko's  analyses  Ag"  Sb, 

with  62.6  Ag,  and  Ag'"  Sb,  with  94.2  Ag,  also  exist. 

Arsenic  silver  (Arsejisilber)  from  Andreasberg,  containing,  according 
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to  Eammelsberg,  about  9  per  cent.  Ag,  is  perhaps  a  mixture  of 
4.3  arsenopyrite,  70.2  arsenical  iron  and  24.3  dyscrasite. 
£.  With  tellurium  in 

Hessite, — Ag  Te,  with  62.7  Ag,  and  occasionally  An  and  traces  of 
Fe; 

Petzite,— Au  Te  +  4  Ag  Te,  with  45.5  Ag  and  20.7  Au; 

Sylvanite, 


TVf-n    -i.       r  vide  go\di', 
Mullerite,    j 

Altaite,  vide  lead ;  contains  a  little  silver. 

c.  Combined  with  selenium  and  other  selenides  in 
Naumannite,  apparently  occurring  only  in  isomorphous  combination 

with   clausthalite ;    one   compound  =  Pb  Se  +  13  Ag   Se,   the 
other  =  Ag  Se  +  4  to  5  Pb  Se ;  pure  Ag  Se  containing  73.15  Ag ; 
Eucairite,— Ag  Se  +  Gu  Se,  with  43  Ag  and  25.3  Cu. 

d.  With  sulpJmr  and  other  sulphides  in 

Argentite  (silver  glance),  acanthite  and  daleminzite, — Ag,  with 
87  Ag; 

f  ttt 

Stephanite  {irittle  silver  ore),— Ag"  Sb,  with  68.5  Agand  occasionally 

a  little  Fe,  Cu,  and  As; 
Polybasite,— (4i,' Ag)  -  (Sb,  As),  with  64  to  72  Ag  and  10  to  3  Cu, 

occasionally  a  little  Fe  and  Zn ; 
Jalpaite,— 3  Ag  +  Cu,  with  71.7  Ag  and  14  Cu  ; 
Rittingerite,  probably  a  compound  of  sulphide  of  silver  and  anti- 

mouy  (Dana); 
Bolivianite,  according  to  T,  Eichter,  antimonial  sulphide  of  silver, 

with  8.5  per  cent.  Ag  (Dana) ; 

Stylotypite,— 3  (Gu,  Ag,  Fe)  S  +  Sb  S'  (Dana) ; 

Proustite  (ruh/  silver,  pt,  light  red  silver  ore), — Ag'  As,  with  65.4 

tit  III 

Ag ;  occasionally  a  little  Sb  replaces  some  As ; 

Xanthoconite,— Ag'  As  +  2  Ag'  Is  with  64  Ag ; 

Pyrargyrite  (ruby  silver,  pt.,  dark  red  silver  ore), — Ag   Sb,  with  59.9 

Ag; 
Pyrostilpnite  { f  re-blende), —Ag,  Sb,  S  ;  perhaps  like  xanthoconite ; 

Strom eyerite,—6u  +  Ag,  with  53  Ag  and  31.2  Cu,  sometimes  a  little 
Fe;  it  apparently  occurs  mixed  with  chalcocite  in  some  locali- 
ties, so  that  the  Ag  may  sink  to  a  few  per  cent. 

Miargyrite,— i.g  isb  with  36.9  Ag  and  a  little  Cu  and  Fe ; 

Sternbergite,— Ig'  Fe  +  2  Fe'  Fe,  with  34.1  Ag,  or  Ag  S  +  3  Fe  S 
+  Fe  S^  Dana ; 

Brongniardite,— Ag'  Sb  +  Pb'  Sb,  with  24.7  Ag; 
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Freieslebenite,— E"  Sb,  or  3  K=  Sb  +  E'  8b ;  E  =  Ag  and  Fo,  with 
24.4  Ag;  in  the  Freiberg  variety  1.2  per  cent.  Cu  and  a  very- 
little  Fe; 

Liclites  Weissgiltigerz  from  the  Himmelsfurst  and  Alte  HofFnung 
mines,  Freiberg,  consisting  of  (Fe,  Zn,  Pb,  Ag)*  ob,  with  38  Pb, 
5.7  Ag  and  traces  of  Cu ;  mentioned  under  j^olytelite  in  Dana's 
Mineralogy ; 

Schapbachite  ( Wismuthsilhererz)  containing,  according  to  Klaproth, 
16.3  S,  33  Pb,  27  Bi,  15  Ag,  and  a  httle  Fe  and  Cu,  is  stated  by 
Sandberger  to  be  a  mixture  of  bismuthinite,  argentite,  and 
galena  (Dana) ; 

Tetrahedrite  (so-called  dunldes  Weissgiltigerz,  with  18  to  31.8  Ag), 
vide  copper ; 

Aftonite,  vide  copper. 

Silver  combined  with  sulphur  also  occurs  in  trifling  quantity  in 

many  lead  and  copper  ores,  as  galena,  several  of  the  plumbiferous 

minerals   enumerated   on  p.   257,  and   the   copper   ores  on  p.  287. 

Pyrite,  arsenopyrite,  and   zinc-blende   not   unfrequently   contain   a 

little  sulphide  of  silver. 

e.  Combined  with  chlorine  and  hromine  in 

Cerargyrite  {horn  silver), — Ag  CI,  with  75.2  Ag;  sometimes  mixed 
with  'B&  and  earthy  matters ; 

Embolite, — Ag  CI  and  Ag  Br  in  varying  proportions : 

3  Ag  CI  +  Ag  Br,  with  69.8  Ag  [microlromite), 

2  Ag  CI  +  Ag  Br     "     68.2   " 

3  Ag  CI  +  2  Ag  Br  «     66.9   "    {emMite), 

4  Ag  CI  +  5  Ag  Br  "     64.2   "    {megabro7nite), 
Ag  CI  +  3  Ag  Br  "     61.0   " 

/.  With  bromine  in 
Bromyrite, — Ag  Br,  with  57.4  Ag. 

g.  With  iodine  in 
lodyrite, — Ag  I,  with  45.9  Ag. 
Silver  occurs  in  metallurgicahproducts  as  follows : 
a.  Metallic  in 
Refined  silver,  frequently  with  traces  of  Pb,  and  sometimes  Au  and 

Cu; 
Brightened  silver,  containing  a  little  Pb,  Cu,  and  sometimes  Bi,  Sb, 

As,  and  Ni ; 
Ceme?it  silver  from  the  "  extraction  "  of  argentiferous  ores  and  prod- 
ucts; it  frequently  contains  more  or  less  Pb  and  trifling  quan- 
tities of  other  metals : 
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Retort  silver,  often  containing  more  or  less  Cu,  traces  of  Au,  W\,  Co, 
and,  before  refining,  also  Fe,  Zn,  Sb,  Pb,  As,  and  Hg ; 

Amalgam,   nsually    containing   the    ingredients    of   the    foregoing 
product; 

Raw,  or  silver  lead,  almost  always  containing  trifling  quantities  of 
other  metals,  vide  lead. 
A  little  Ag  also  occurs  in  black  copper,  raw  copper,  and  refined 

copper,  vide  iron  ;  as  well  as  in  many  specimens  of  lead,  vide  lead. 

b.  Combined  with  sulphur  it  occurs  in  trifling  quantity  in  the 
various  7>\atts  and  speiss-like  products  from  smelting  silver,  lead,  and 
copper  ores,  and  in  certain  furnace  deposits,  vide  iron. 

c.  As  oxide  in  very  small  quantities  in  the  products  of  cupellation, 
viz.,  litharge,  ahzug,  aistrich,  and  cupel  bottoms  or  hearth,  vide  lead. 
Here  should  also  be  mentioned  the  test  mass,  or  bottom  of  the  silver 
refining  hearth. 

Slags  containing  silver  often  owe  its  presence  chiefly  to  fine, 
disseminated  particles  of  argentiferous  matt,  although  some  slags 
contain  silicate  of  silver. 

Examination  for  Silver, 

Including  the  blowpipe  characteristics  of  the  above-7iamed  minerals 

and  products. 

a.  General  examination  for  silver. 

Compounds  of  silver  with  metals,  volatile  at  a  high  heat,  as 
antimony,  lead,  and  bismuth,  yield  a  coat  on  coal.  After  nearly  the 
whole  of  these  metals  have  been  volatilized  by  long  bloAving, 

.  ,         .      . ,  Alloys. 

the  coat  becomes  reddish  to  carmine-red  from  oxide  ot  silver, 
if  there  is  not  too  little  of  that  metal  present,  and  the  remaining 
button  shows  a  more  or  less  pure  silver  color.  This  reddening  of 
the  coat  is  highly  characteristic  and  may  always  be  regarded  as  indi- 
cating silver.  In  combination  with  much  lead  or  bismuth,  silver 
is  found  by  cupellation,  Avith  addition  of  test  lead,  if  that  is  made 
necessary  by  the  presence  of  other  oxidizable  metals,  vide  quantita- 
tive silver  assay. 

When  silver  containing  arsenic  is  treated  alone,  on  coal,  the  arsenic 
volatilizes  and  may  be  recognized  by  its  odor. 

Selenium  behaves  similarly.  Tellurium,  if  present  in  considerable 
quantity,  partly  volatilizes  and  coats  the  coal,  but  part  of  it  remains 
persistently  with  the  silver  and  can  only  be  removed  by  treating  the 
compound,  pulverized  as  much  as  possible  in  the  R.  F.,  with  soda, 
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or  neutral  oxalate  of  potassa.  Mercury  combiued  with  silver  can 
be  removed  by  ignition  on  coal,  or  in  tbe  matrass ;  on  coal  the 
silver  fuses  to  a  button,  in  the  matrass  it  forms  a  porous  residue. 

If  the  silver  is  combined  with  much  gold  and  the  alloy  is  fused  in 
0.  F.  with  S.  Ph.  on  coal,  the  silver  oxidizes  and  is  gradually  dis- 
solved, rendering  the  glass  opalescent  when  cold.  By  separating 
this  glass  from  the  gold  button  and  treating  it  alone  on  coal  in  R.  F., 
the  oxide  is  readily  reduced  and  united  to  a  button  of  silver,  p.  108. 

When  non-volatile  metals,  more  easily  oxidized  than  silver,  are 
present,  viz.,  co])i)er,  nickel,  and  cobalt,  in  not  too  small  quantity, 
they  may  readily  be  detected  by  testing  with  borax  or  S.  Ph.  on  coal, 
and  frequently  so  far  separated  as  to  leave  the  silver  with  a  pure 
surface.  When  present  in  large  quantities  they  can  only  be  entirely 
separated  by  cupelling  the  silver  with  test  lead.  Should  these  metals 
be  present  in  so  small  proportions  that  no  distinct  reactions  are 
obtained  with  the  glass  fluxes,  a  suj9icient  quantity  of  the  silver  is 
treated  first  on  coal  alone  in  0.  F.  and  notice  taken  of  any  coat  that 
may  be  formed.  After  this  the  button  is  dissolved  in  nitric  acid  in 
a  test  tube,  diluted  with  water,  a  few  drops  of  hydrochloric  acid 
added,  and  the  whole  well  shaken,  so  that  the  chloride  of  silver  may 
settle.  When  the  fluid  is  clear  a  drop  or  two  of  hydrochloric  acid  is 
added,  to  ascertain  whether  it  will  produce  any  further  cloudiness. 
If  it  does  the  whole  must  again  be  well  shaken  ;  if  not,  the  solution 
may  be  filtered  at  once,  the  filtrate  heated  to  boiling  in  a  porcelain 
vessel  and  a  solution  of  potassa  gradually  added  to  feebly  alkaline 
reaction.  By  this  means  the  other  metals,  present  as  oxides,  are 
thrown  down,  and  after  filtration  may  be  readily  detected  by  means 
of  the  glass  fluxes. 

The  chloride  of  silver  can  be  reduced  on  coal  with  soda. 

Minerals  and  metallurgical  products  consisting  of,  or  containing 
sulphides  of  metals,  and  which  are  to  be  directly  examined 
for  silver,  may  be  most  advantageously  treated  according  to 
the  method  given  under  the  quantitative  silver  assay,  and  the  silver 
lead  cupelled.  If  rich  in  silver,  but  little  of  the  substance  need  be 
treated,  while,  if  poor,  as  much  should  be  used  as  for  the  quantita- 
tive assay.  The  quantity  of  test  lead  and  borax  glass  depends 
partly  upon  the  quantity  of  the  substance  taken  and  partly  upon  its 
character ;  whether  it  contains  diflBcultly  fusible  ingredients,  which 
are  to  be  slagged  off,  or  contains  coj^per,  nickel,  etc.  Most  of  the 
above-mentioned  minerals  containing  sulphides  show  the  presence 
of  silver  by  the  reddish  coat  formed  on  coal,  p.  309. 
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i.  Bloioiyipe  characteristics  of  the  argentiferous  minerals 
enumerated  ahove. 

Native  silver  fuses  on  coal  to  a  bright  globule,  Avhich  has  a  silver- 
white  color  on  cooling.  The  joresence  of  antimony  causes  a  feeble 
white  coat  of  antinionous  acid,  which  afterward  becomes  red,  p.  Q'^. 
Arsenic,  if  present,  is  detected  by  the  odor  during  fusion.  With 
borax  in  R.  F.  on  coal  it  sometimes  affords  a  glass  that  reacts  for 
cobalt  and  iron. 

Chilenite  would  probably  fuse  easily,  evolve  a  slight  arsenical 
odor,  and  coat  the  coal  with  oxide  of  bismuth.  By  cupellation 
would  afford  a  silver  button,  and  stain  the  bone-ash  dark  green  with 
oxide  of  copper. 

Dyscrasite  fuses  very  readily  to  a  button  on  coal,  affords  a  copious 
coat  of  oxide  of  antimony,  which  afterward  reddens,  and  finally  a 
rather  pure  silver  button  remains. 

Hessite  fuses  in  the  open  tube,  without  affording  very  copious 
fumes.  On  coal  fuses  readily  to  a  globule  and  yields  part  of  its 
tellurium,  coating  the  coal,  p.  66 ;  but  the  greater  portion  remains 
with  the  silver.  When  cold  the  surface  is  covered  with  lustrous 
metallic  globules. 

Fused  in  a  fine  state  with  soda,  or  neutral  oxalate  of  potassa  in 
E.  F.,  the  tellurium  is  separated,  leaving  the  silver  in  little  globules, 
which  if  cleansed  from  the  coal  and  slag  by  washing,  and  then  dis- 
solved in  nitric  acid  generally  leaves  a  little  gold  behind. 

Petzite. — Its  blowpipe  characteristics  are  not  known ;  probably  it 
behaves  very  much  like  the  above. 

SILVER   IN   COMBINATION   WITH   SELENIUM. 

i 

Naumannite  fuses  and  yields  a  trifling  sublimate  in  the  closed 
tube.  On  coal  in  0.  F.  fuses  quietly,  but  in  E.  F.  intumesces,  and 
in  solidifying  glows  again.  With  soda  and  borax  affords  a  lustrous 
silver  button  (G.  Rose), 

Eucairite. — In  open  tube  like  berzelianite,  p.  296.  On  coal  fuses 
with  a  strong  odor  of  selenium,  and  affords  a  gray,  soft,  but  not 
malleable,  metallic  button.  Cupelled  with  test  lead,  leaves  a  silver 
button,  and  with  the  fluxes  reacts  strongly  for  copper  (Berzelius). 

SILVER   IN   COMBINATION   WITH   SULPHUR. 

Argentite  and  acanthite  fuse  on  coal  in  0.  F.,  with  intumescence 
and  evolution  of  sulphurous  acid,  affording  at  length  a  silver  button. 
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If  impure,  a  slag  also  results,  which  reacts  usually  for  iron  and 
sometimes  for  copper.  With  soda  a  silver  button  is  very  easily 
obtained. 

SUplianite  decrepitates  in  the  closed  tube,  then  fuses,  and  after 
some  time  yields  a  slight  sublimate  of  sulphide  of  antimony.  In 
the  open  tube  fuses  and  evolves  antimonous  fumes  and  sulphurous 
acid.  On  coal  fuses  very  easily,  with  spirting,  coats  the  coal  with 
oxide  of  antimony,  and  is  converted  into  sulphide  of  silver,  contain- 
ing but  litle  antimony.  On  long  blowing  the  coat  reddens  and  a 
silver  button  remains,  sometimes  with  a  scoria  that  reacts  for  copper 
and  iron. 

Polyiasite  fuses  with  extraordinary  ease  in  the  closed  tube,  but 
yields  no  sublimate.  In  the  open  tube  fuses  and  yields  sulphurous 
and  antimonous  fumes.  Under  the  magnifying  glass,  if  As  was 
present,  the  sublimate  is  seen  to  consist  of  antimonous  acid  mixed 
with  crystalline  arsenous  acid.  On  coal  in  0.  F.  fuses  very  readily 
with  spirting  to  a  globule,  which  evolves  sulphurous  acid  and  coata 
the  coal  with  oxide  of  antimony  and,  in  presence  of  arsenic,  arsen- 
ous acid. 

Long  blowing  occasionally  produces  a  yellowish-white  zinc  coat 
near  the  assay,  and  finally  a  metallic,  mirror-like  button  is  obtained. 
The  cold  button  has  a  black  surface,  and  the  white  coat  is  somewhat 
reddened  by  oxide  of  silver*  With  S.  Ph.  the  button  behaves  like 
cupriferous  silver. 

Proustite  fuses  very  readily  in  the  closed  tube  and  at  incipient 
redness  affords  a  slight  sublimate  of  sulphide  of  arsenic.  The 
residue  has  a  dark,  lead-gray,  scaly  fracture  and  feebly  metallic  lustre. 
In  the  open  tube  affords  sulphurous  and  arsenous  acids,  with  some 
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antimonous  fumes,  if  Sb  replaces  some  As.  Fuses  on  coal  with 
evolution  of  sulphurous  and  arsenous  fumes  and  coats  the  coal  with 
arsenous  acid  (and,  in  presence  of  Sb,  with  oxide  of  antimony) ; 
but  later  the  fused  globule  behaves  like  sulphide  of  silver.  This 
fused  for  some  time  in  0.  F.,  or  reduced  with  soda,  affords  pure  silver. 

Xanniocoiiite  in  the  closed  tube  assumes  a  transient,  dark-red 
color.  More  strongly  heated  fuses  and  then  behaves  like  proustite. 
In  the  open  tube  and  on  coal  like  proustite  free  from  antimony. 

Pyrargyrite  fuses  very  readily  in  the  closed  tube,  sometimes  flying 
into  small  pieces  at  first,  and  at  a  continued  red  heat  affords  a  sub- 
limate of  amorphous  tersulphide  of  antimony.  Fuses  in  the  open 
tube  and  evolves  sulphurous  acid  and  antimonial  fumes.  On  coal 
fuses  very  readily  with  spirting  to  a  globule,  yields  sulphide  of  anti- 
mony, coats  the  coal  with  oxide  of  antimony,  and  is  converted  into 
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sulphide  of  silver,  which  obstinately  retains  some  antimony.  By 
lonff  treatment  in  0.  F.,  or  reduction  with  soda,  this  affords  pure 
silver.  Any  As  replacing  tSb  can  be  recognized  by  the  odor  when  the 
powdered  mineral,  mixed  with  soda  or  neutral  oxalate  of  potassa,  is 
fused  on  coal  in  E.  F. 

P yrostUjynite  ;  in  the  open  tube  and  on  coal  like  pyrargyrite. 

Stromei/erile  fuses  very  easily  in  the  closed  tube  and  only  rarely 
yields  a  little  sulphur.  In  the  open  tube  fuses  to  a  globule  and 
evolves  sulphurous  acid,  but  no  sublimate  when  pure.  Fuses  very 
readily  to  a  globule  on  coal  and  in  0.  F.  evolves  only  sulphurous 
acid  if  pure.  The  fused  globule  has  a  metallic  lustre,  is  half  mal- 
leable, and  has  a  gray  fracture,  \yith  the  fluxes  reacts  strongly  for 
copper  and  sometimes  feebly  for  iron.  Cupelled  with  test  lead  it 
leaves  a  silver  button  and  a  dark-green,  copper  stain  on  the  cupel. 

JaljJaite,  like  the  preceding. 

Miargyr'ite  decrepitates  in  the  closed  tube,  fuses  very  easily  and 
gives  a  film  of  sulphide  of  antimony.  In  the  open  tube  evolves 
sulphurous  acid  and  abundant  antimonous  fumes.  On  coal  fuses 
very  readily  and  quietly,  with  emission  of  sulphurous  and  antimo- 
nous fumes,  to  a  gray  globule,  which  finally  in  0.  F.  changes  to  a 
bright  silver  button,  while  the  antimony  coat  reddens.  Treated 
with  S.  Ph.  and  tin,  the  button  shows  a  feeble,  but  distinct  reaction 
for  copper. 

Sternhergite  yields  in  the  open  tube  only  sulphurous  acid;  on 
coal  fuses  with  evolution  of  sulphurous  acid  to  a  globule,  which  is 
covered  with  metallic  silver  and  is  magnetic.  Eoasted  in  powder 
on  coal  and  treated  in  E.  F.  with  borax,  gives  a  silver  button,  and 
a  black,  opaque  glass,  which  reacts  for  iron. 

Freieslehenite  in  the  open  tube  yields  sulphurous  acid  and  antimo- 
nous fumes,  the  non-volatile  portions  of  which  likewise  contain  anti- 
monate  of  lead.  On  coal  fuses  easily,  forming  at  a  certain  distance 
a  coat  of  oxide  of  antimony  mixed  with  sulphate  of  lead,  and  nearer 
the  assay  a  dark-yellow  coat  of  oxide  with  antimonate  of  lead.  The 
coat  finally  becomes  very  red  and  a  silver  button  is  left,  which  may 
be  purified  by  treatment  with  boracic  acid  on  coal. 

Lichtes  WeissyiUigerz  from  Freiberg.  Fuses  in  the  open  tube, 
and  behaves  like  freieslehenite.  On  coal  fuses  very  easily,  spreads 
out,  coats  the  coal  strongly  with  oxides  of  antimony  and  lead,  and 
leaves  small,  grayish-white,  metallic  buttons.  The  lead  coat  conceals 
the  oxide  of  zinc.  Fused  with  borax  in  E.  F.  the  metalHc  buttons 
unite  to  a  small  silver  button,  showing  copper  with  S.  Ph.,  while  the 
borax  glass  appears  bottle-green  from  iron. 
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IScJuiphacMte.— Fuses  readily  on  coal,  giving  lead  and  bismuth 
coats,  evolving  sulphurous  acid  and  leaving  a  silver  button,  which 
retains  a  little  lead,  bismuth,  and  copper. 

COMPOUNDS   OF   SILVER   WITH    CHLORINE,   BROMINE,    AND   IODINE. 

Chloride  of  silver  {cerargyrite),  on  coal  in  0.  F.  fuses  very  easily 
(frequently  with  ebullition)  to  a  globule,  which  is  pearl-gray,  brown- 
ish, or  black,  according  to  the  purity  of  the  mineral.  In  K.  F. 
gradually  reduced  to  metal;  immediately  with  soda.  With  oxide  of 
copper  on  coal  gives  the  chlorine  reaction.  Fused  with  bisulphate 
of  potassa  in  a  matrass,  it  unites  beueath  the  fluid  salt  to  a  bead, 
which  is  white  when  cold.  If  the  salt  is  dissolved  by  Avarming  it 
with  water,  and  the  remaining  bead  of  chloride  of  silver  well  dried 
between  filter  paper  and  exposed  to  the  sunlight,  it  soon  assumes  a 
gray  or  violet  color. 

The  compounds  of  silver  with  chlorine  and  hromine  {emMite)  fuse 
very  easily  on  coal,  spread  out  and  are  gradually  reduced  to  metallic 
silver,  evolving  a  suffocating  odor.  Soda  greatly  accelerates  the  reduc- 
tion. If  the  alkaline  mass  is  then  broken  out  from  the  coal,  dis- 
solved in  water,  evaporated  to  dryness,  and  the  dry  salt  fused  in  a 
matrass  with  bisulphate  of  potassa,  the  compounds  rich  in  bromine 
emit  reddish-yellow  bromine  vapors. 

With  oxide  of  copper  on  coal  they  tinge  the  flame  greenish  at 
first,  but  afterward  intense  blue. 

Fused  with  bisulphate  of  potassa  in  the  matrass,  they  unite 
beneath  the  fluid  salt  to  dark  red  drops,  which  are  light  lemon-yellow 
when  cold.  Treated  like  the  chloride  mentioned  just  above,  and 
exposed  to  the  sunlight,  the  compounds  in  which  chloride  of  silver 
prevails  assume  a  greenish-gray  color,  while  th.ose  containing  more 
bromide  appear  dirty  green. 

Bromide  of  silver  {broimjrite)  on  charcoal  emits  pungent  bromine 
vapors  and  yields  a  button  of  silver.  The  artificial  bromide  fuses 
easily,  and  with  oxide  of  copper  in  E.  F.  colors  the  flame  greenish 
at  first,  but  afterward  intense  greenish-blue. 

In  the  matrass  fuses  very  readily  and  has  a  quite  dark  red  color 
while  fluid,  becoming  lighter  on  solidifying,  so  that  when  cold  it  has 
a  deep  yellow  color  and  is  nearly  transparent.  Fused  with  bisulphate 
of  potassa  it  evolves  very  trifling  bromine  vapors,  and  the  fluid  salt 
surrounding  the  bromide  of  silver  assumes  a  yellow  color.  Treated 
like  the  chloride  of  silver  above,  it  gradually  assumes  in  the  sunlight 
a  dark  asparagus-green  color. 
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Iodide  of  silver  {.iodyrite),  fuses  in  the  closed  tube  and  assumes  a 
deep  orange  color,  but  resumes  its  yellow  color  on  cooling.  B.  B.  on 
coal  gives  fumes  of  iodine  and  a  globule  of  metallic  silver  (Dana). 

The  artificial  iodide  fuses  on  coal  with  extraordinary  ease,  spreads 
out,  evolves  a  pungent  iodine  odor,  tinges  the  flame  reddish,  and 
very  soon  leaves  metallic  silver  globules.  With  oxide  of  copper  in 
R.  F.  colors  the  flame  green. 

In  the  matrass  alone  acts  like  iodyrite.  Fused  with  bisulpbate  of 
potassa  it  unites  to  a  dark  red  drop,  below  the  salt,  and  evolves 
iodine  vapors.  Treated  like  the  chloride  and  bromide  above,  its 
yellow  color  remains  unchanged. 

c.  Examination  of  metallurgical  products. 

The  method  of  examining  the  products  above  enumerated  for 
silver  may  be  deduced  from  the  remarks  under  the  examination  for 
silver  in  general. 


15.  Platikum,  Pt ;  Palladium,  Pd ;  Rhodium,  Rh ;  Iridium,  Ir ; 
Ruthenium,  Ru;  and  Osmium,  Os. 

Their  occurrence  in  tlie  mineral  hingdom. 

They  are  found 

a.  Metallic  in  the  following  minerals : 
Platinum,  Pt,  almost  always  combined  with  Fe,  Cu,  Rh,  Ir,  Pd,  and 

Os,  so  that  the  amount  of  Pt  is  sometimes  as  low  as  70  per 

cent. ;  the  amount  of  Fe  is  especially  important,  as  it  varies 

from  5.3  to  almost  13  per  cent. 
Platiniridium,  containing  27.8  to  76.8  Ir,  19.G  to  55.4  Pt,  besides  Rh, 

Pd,  Fe,  and  Cu ; 
Palladium,   Pd,   combined  with  small    quantities  of  Pt    and  Ir; 

allopalladivm  is  palladium,  under  the  hexagonal  system,  the 

metal  being  dimorplious  (Dana). 

Palladium-fyold,  )      •  7       n 
_.,    ,.  ,  ,  M-  vide  gold: 

Rhodium-gold,     f  ° 

Iridosmine,  light  (osmiridium), — Ir,  Os,  with  46.7  Ir,  49.3  Os,  and  a 

little  Rh,  Ru,  and  Fe ; 
Iridosmine,  dark, — Ir  Os',  with  about  25  Ir,  and  Ir  Os*,  with  about 

20  Ir ;  probably  containing  also  Ru.     Neiojanshite   and  sisser* 

slcite  are  varieties  of  iridosmine. 
Two  of  the  above-mentioned  metals  are  also  found  as 
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1).    Oxides  ill 

Irite,  probably  (Ir,  Os,  i'e,  )  +  "ir,  ^,  Sr),  with  55.  2  Ir,  9.3  Os,  10.5 
Fe,  10  Or. 

c.    Combiued  with  sulphu'^  in 
Laurite,  perhaps— 12  Eu'  S'  +  Os  S*  (Dana). 

According  to  Pettenkofe:  (Dingler's  Journal,  Vol.  Civ.,  p.  198, 
et  seq. ;  also  Polytechn.  Centralblatt,  1847,  p.  1085),  platinum  is 
very  widely  distributed,  and  all  the  silver  in  commerce  is  said  to 
contain  it. 

Blotopipe  characteristics  of  the  ahove-mentioned  minerals. 

Pht ilium  and 2)latiniridiicni  are,  B.  B.,  infusible  combinations  of 
different  metals,  which  cannot  be  so  decomposed,  by  further  treat- 
ment B.  B.,  that  the  presence  of  each  metal  may  be  proved  by  a 
definite  reaction. 

When  tested  with  borax  or  S.  Ph.  they  do  not  fuse,  and  are  not 
oxidized  or  dissolved;  in  this  operation,  if  the  mineral  has  been  filed 
off  in  a  fine  powder,  more  or  less  colored  beads,  it  is  true,  are  obtained, 
but  this  color  comes  from  the  admixture  of  oxidizable  metals,  viz., 
iron  and  copper,  which  may  be  found  in  this  manner. 

If  the  same  compounds  are  fused  on  coal  with  borax  and  test  lead, 
and  a  cupellation  of  the  button  commenced,  the  latter  operation  lasts 
only  so  long  as  the  infusible  metals  permit.  There  results  finally  an 
infusible  combination,  in  which  there  is  still  much  lead  and  which 
therefore* possesses  a  lustrous  surface  and  is  somewhat  brittle.  If  a 
medium-sized  gold  button  is  added  and  the  cupellation  performed 
with  a  stronger  heat,  a  bright  metallic  button  can  be  sometimes 
obtained,  perfectly  free  from  lead,  and  of  a  yellowish-white  or  even 
platinum-gray  color.  If  it  cannot  be  cupelled  fine  upon  the  cupel  it 
must  be  treated  on  coal  with  vitrified  boracic  acid,  as  follows :  a 
shallow  cavity  is  bored  in  the  cross  section  of  a  good  coal,  or  in  a 
charcoal  capsule,  the  button  containing  lead  laid  in  it,  covered  with 
a  little  vitrified  boracic  acid,  and  the  whole  treated  with  the  point  of 
the  blue  flame.  When  the  button  is  fused  the  coal  is  inclined,  so 
that  the  former  comes  out  from  under  the  melted  glass,  but  still 
remains  in  contact  with  it,  thus  affording  a  large  surface  for  oxida- 
tion. The  point  of  the  flame  is  now  directed  for  a  long  time  unin- 
terruptedly upon  the  fluid  glass,  the  metal  being  freely  exposed  to 
the  air ;  in  this  way  all  the  lead  is  oxidized  and  dissolved  in  the 
boracic  acid  and  the  surface  of  the  button  becomes  bright. 

The  resulting  alloy  of  gold,  platinum,  rhodium,  iridium,  palla- 
dium, and  osmium  (the  iron  and  copper  having  been  removed),  is 
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hammered  thiu,  ignited  on  coal  and  dissolved  in  aqua  regia,  -which 
leaves  the  finely  divided,  black,  metallic  iridium  behind.  The 
solution  is  poured  into  a  porcelain  dish,  treated  with  as  much  cliloride 
of  ammonium  as  is  necessary  to  alter  all  the  platinum  into  platin- 
chloride  of  ammonium,  and  the  whole  carefully  evaporated  to  dry- 
ness at  a  gentle  heat,  in  order  to  prevent  any  partial  decomposition 
of  tlie  salts  which  have  been  formed.  The  dry  salts  are  brought 
upon  a  filter  and  washed  with  alcohol  of  GO"  to  70°,  until  no  yellow 
color  is  imparted  to  fresh  alcohol.  By  this  operation  the  gold,  with 
otlier  soluble  salts,  is  dissolved  out,  and  after  water  has  been  added 
to  the  solution  and  the  alcohol  driven  off  by  heating,  can  be  pre- 
cipitated as  metal  from  the  warm  solution  by  sulphate  of  iron.  The 
residuary  double  salt  is  bright  yellow  and  is  altered  to  spongy  plat- 
inum by  heating  to  redness  in  a  platinum  spoon.  In  such  small 
assays  no  notice  can  be  taken  of  the  minute  quantities  of  Rh,  Pd, 
and  Os,  which  are  present  in  the  native  platinum. 

The  metallic  precipitate  of  gold  can  be  fused  on  coal,  with  the 
addition  of  a  little  borax  or  S.  Ph.,  to  a  button,  which  is  generally 
quite  pure.  If,  however,  it  does  not  appear  perfectly  pure,  it  is  fused 
on  coal  in  R.  F.  with  some  borax  and  three  parts  of  pure  silver,  the 
alloy  treated  first  with  nitric  acid,  and  then  the  residuary  gold,  after 
washing,  with  bisulphate  of  potassa,  as  will  be  described  in  detail 
under  the  quantitative  gold  assay,  for  gold  containing  rhodium.  In 
this  way  all  the  metals  that  might  be  present  are  entirely  separated 
from  the  gold,  and  if  this,  when  well  boiled  with  water,  is  melted  on 
coal  to  a  button,  it  will  appear  perfectly  pure. 

If  native  platinum  is  dissolved  in  aqua  regia,  the  blood-red  solu- 
tion evaporated  almost  to  dryness,  the  acid  fluid  diluted  with  water 
and  a  few  drops  of  a  solution  of  potassa  added,  a  yellow  precipitate 
is  formed,  which  consists  chiefly  of  platinchloride  of  potassium. 

Falladium.  — The  behavior  B.  B.  of  this  native  metal  is  not 
known. 

Palladium  which  has  been  reduced  from  the  oxide,  but  has  not 
yet  been  iiammered,  behaves,  according  to  Berzelius,  as  follows: 

Carefully  heated  on  platinum  foil  to  low  redness,  it  acquires  upon 
the  surface  a  blue  color,  which,  however,  disappears  at  full  redness. 
On  coal  alone,  it  is  infusible  and  unchangeable.  With  sulphur  in 
R.  F.,  it  fuses,  but  in  0.  F.  the  sulphur  burns  off,  leaving" the  palla- 
dium behind.  When  fused  with  bisulphate  of  potassa  in  a  suffi- 
ciently large  matrass,  it  is  dissolved  w^ith  the  evolution  of  sulphurous 
acid.     The  salt  appears  yellow  when  cool. 

Iridosmine,  liylit-colored,  is  infusible  B.  B.    Fused  in  a  matrass 
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with  nitre,  vapors  of  osmic  acid  are  evolved,  whicli  can  be  very 
distinctly  recognized  by  their  unpleasant  odor. 

Iridosmine,  darh-colored,  is  infusible  B.  B.,  but  gives  an  odor  of 
osmium ;  it  is,  according  to  Gr.  Eose,  also  distinguished  from  the 
former  by  the  fact  that  it  loses  its  lustre  in  the  blowj^ipe  flame, 
becomes  dark  colored,  and  yields,  even  in  the  flame  of  a  spirit-lamp, 
the  reaction  of  osmium,  viz. :  that  the  flame  is  rendered  luminous, 
as  if  from  the  burning  of  olefiant  gas. 

Fused  with  nitre,  it  yields  more  fumes  of  osmic  acid  than  the 
former. 

Irite  is  infusible  B.  B.,  and  also  insoluble  in  all  acids. 

Fused  with  nitre  in  a  matrass,  osmic  acid  is  evolved. 

16.  Gold,  Au. 

Its  occurrence  in  the  mineral  hingdom  a?id  in  metallurgical 

products. 

Gold  is  almost  always  found  in  nature  in  the  metallic  state,  but 
is  never  pure,  being  combined  in  every  case  with  other  metals  in  the 
following  minerals : 
a.  With  silver  in 
Native  gold,  a  combination  of  Au  and  Ag  in  indefinite  and  varying  pro- 
portions, so  that  it  contains  from  0.16  to  almost  40  per  cent. 
Ag;  traces  of  Cu  and  Fe  are  also  sometimes  found  in  it.  Pliny's 
electrum  was  gold  containing  one-fifth  silver,  according  to  Dana. 
5.  In  combination  with  mercury  in 
Gold  amalgam, — Au  Hg',  with  39.5  Au,  and  (Au,  Ag)**  Hg",  with 
36.6  Au  and  5  Ag. 

c.  In  combination  with  palladi^im  in 

Palladium- Gold,  porpezite,  from  Porpez  in  Brazil,  with  86  Au,  41 
Ag,  9.8  Pd. 

d.  In  combination  with  rliodium  in 

Rhodium-Gold  from  Mexico,  which  contains  34  to  43  per  cent.  Eh. 

e.  In  combination  with  tellurium  in 

Sylvanite  {graphic  tellurium),  according  to  the  analysis  of  Petz,  Ag 
Te  +  2  Au  Te',  with  59.6  Te,  26.5  Au,  and  13.9  Ag,  including 
very  small  quantities  of  Pb,  Sb,  and  Cu ; 

Hessite,   )'     . ,     ., 

Petzite,    f  ^'^^^^  silver; 

Tellurium,  vide  tellurium. 

/.  In  combination  with  tellurium,  when  a  part  of  the  tellurium  ia 
replaced  by  antimofiy  in 
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Miillerite  (sylva7iite),— {An,  Ag,  Pb)  (Te,  Sb)Swith  24.8  to  29.6  Au, 
2.7  to  14.6  Ag  and  2.5  to  19.5  Pb. 

g.  In  combination  with  tellurium  and  metallic  sulphides  in 
Nagyagite,  vide  lead,  p.  258. 

h.  In  a  mineral,  the  constituents  of  which  have  not  yet  been  quan- 
titatively determined. 

Phyllinglanz,  from  Deutsch-Pilsen  in  Hungary ;  it  contains  Sb,  Pb, 
Te,  Au  and  S,  with  traces  of  Se  and  Ag.  (It  is  apparently 
related  to  nagyagite.  Dana.) 

i.  As  an  accidental  ingredient  of  certain  iron  and  copper  pyrites, 
mispickels,  and  blendes. 

Among  the  metallurgical  products,  in  which  gold  forms  a  princi- 
pal constituent,  only  the  gold  amalgam  resulting  from  the  amalgama- 
tion of  gold  ores  needs  to  be  especially  mentioned.  Gold  is  also 
found  as  a  secondary  constituent  in  many  of  the  metallurgical 
products  from  the  smelting  of  auriferous  silver  ores,  which  have 
already  been  mentioned  under  silver,  viz.,  Ji7ie  silver,  brightened 
silver,  raiu  lead,  Rohstein,  lead  matt,  as  well  as  in  the  sp)eiss  from 
the  smelting  of  auriferous  mispickel. 

Examination  for  Gold, 

Including  the  bloiopipie  characteristics  of  the  minerals  belonging 

here. 

a.  General  examination  for  gold. 

When  combinations  of  gold  with  other  metals  are  fused  in  0.  F., 
on  coal,  they  give,  provided  the  metals  combined  with  the  gold  are 
volatile  at  high  temperature,  a  coating,  e.  g.,  tellurium,  antimony, 
mercury,  and  lead.  The  mercury  may  also  be  separated  in  a  matrass 
or  closed  tube,  as  has  been  described  under  silver  amalgam,  p.  303, 
and  the  lead  may  be  removed  by  cupellation.  These  metals  being 
separated,  the  gold,  if  free  from  non -volatile  metals,  is  left  quite  pure 
and  may  be  recognized  by  its  gold-yellow  color.  If,  however,  it  con- 
tains such  metals,  e.  g.,  copper,  silver,  platinum,  palladium,  rhodium, 
etc.,  they  must  be  separated  by  particular  methods,  Avhich  Avill  be 
presently  described. 

If  the  gold  contains,  for  example,  copper  and  silver,  which  can  be 
very  easily  ascertained  by  an  examination  with  S.  Ph.  in  0.  F.  on 
coal,  the  alloy  must  first  be  cupelled  with  the  necessary  amount  of 
test  lead,  vide  quantitative  gold  assay.  By  this  means  the  copper  is 
entirely  remcved  and  an   alloy  of  silver  and  gold   only  remains. 
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When  tlie  button  is  yellow  it  shows  that  the  amonnt  of  silver  is 
inconsiderable ;  it  is  then  only  tested  on  coal  with  S.  Ph.  in  0.  F., 
by  which  a  bead  is  obtained  that  assumes  an  opal-like  appearance 
when  cool,  vide  oxide  of  silver,  p.  108.  If  the  button,  however,  has 
rather  the  color  of  silver,  the  amount  of  gold  may  be  smaller  than 
that  of  the  silver.  In  this  case  the  button  is  put  into  a  porcelain 
dish,  a  little  nitric  acid  added  and  warmed.  If  the  button  contains 
about  one-quarter  of  its  weight  or  less  of  gold,  it  turns  black  at  first 
and  is  gradually  decomposed,  the  silver  being  dissolved  and  the  gold 
remaining  behind,  black  or  brown,  as  a  powder,  or  coherent  mass. 
If  the  button  contains  more  than  one-quarter  its  weight  of  gold, 
it  is  also  colored  black  at  first,  but  no  solution  of  silver  takes  place. 
When  the  proportion  of  the  gold  to  the  silver  is  about  equal,  the 
button  is  unchanged  by  the  acid.  In  both  of  the  latter  cases  it  must 
be  fused  on  coal  with  borax  and  at  least  twice  its  weight  of  silver, 
free  from  gold,  and  then  again  treated  with  nitric  acid,  when  a  per- 
fect separation  will  ensue.  If  it  is  desired  to  unite  the  gold  to  a 
button  it  must  be  well  washed  and  boiled  with  distilled  water  and 
then  either  fused  on  coal  with  borax,  or  cupelled  with  a  little  test 
lead,  as  will  be  described  in  detail  in  the  gold  assay.  It  must  then 
have  a  pure  gold-yellow  color  and  a  bright  surface. 

A  gold  button  obtained  in  this  way  will  often  still  contain  traces 
of  silver;  if  desired  perfectly  free  from  silver,  regard  must  be  paid, 
during  the  parting,  to  the  directions  which  will  be  given  under  the 
quantitative  assay  of  alloys  for  gold.  When  the  gold  contains  metals 
which  by  themselves  are  infusible  B.  B.,  such  as  platinum,  iridium, 
palladium,  and  rhodium,  tlie  alloy  is  fusible  B.  B.  with  more  diffi- 
culty than  pure  gold ;  they  can  also  be  recognized  by  the  fact  that, 
when  such  an  alloy  is  dissolved  in  aqua  regia,  any  iridium  remains 
behind  and  the  solution  possesses  a  darker  color  than  that  from  pure 
gold.  The  separation  of  the  above-mentioned  metals  from  the  gold 
will  be  specially  described  under  the  quantitative  gold  assay. 

In  order  to  find  a  small  amount  of  gold  in  pyrite,  arsenopyrite  and 
chalcopyrite,  as  also  in  the  various  metallurgical  products  consisting 
of  metallic  sulphides  and  arsenides,  the  method  must  be  followed, 
which  will  be  especially  described  under  the  quantitative  assay  for 
gold  in  the  above  ores  and  products. 

h.  Bloiopipe  characteristics  of  7ninerals  containing  gold. 

Native  gold  fuses  on  coal  to  a  globule,  which  has  a  bright  surface 
when  cold.      The  color  of  the  globule  appears  purer  gold-yellow 
the  less  silver  there  is  present." 
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With  S.  Ph.  on  coal  in  0.  F.  a  bead  is  obtained,  which  opalesces 
when  cool,  owing  to  the  oxide  of  silver  dissolved. 

Gold  amalgam  heated  in  a  matrass  yields  metallic  mercury  and 
leaves  behind  a  spongy  mass,  which  melted  on  coal  with  borax, 
unites  to  a  gold  button,  containing  a  small  amount  of  silver,  and 
having  therefore  a  pale  gold-yellow  color. 

Palladium-gold  and  Rhodium-gold. — Of  the  behavior  of  these  two 
minerals  B.  B.  it  is  only  known  that  they  fuse  on  coal  and  form  a 
malleable  alloy.  For  the  treatment  of  such  alloys,  vide  general 
examination  for  gold. 

GOLD   IN    COMBINATION    WITH   TELLURIUM, 

Sylvanite. — According  to  Berzelius,  it  gives  in  an  open  tube  white 
fumes,  which,  near  the  assay,  are  gray  from  the  sublimed  tellurium. 
When  the  flame  is  directed  upon  the  sublimate  the  latter  melts  to 
clear,  transparent  drops;  it  smells  acid,  but  without  the  least  trace 
of  a  horse-radish  odor. 

On  coal  it  fuses  to  a  dark  gray  metallic  globule,  and  coats  the  coal 
with  white  fumes,  which  disappear  with  a  bluisli-green  flame  when 
touched  by  the  K.  F.  After  continued  treatment,  a  light  yellow 
metallic  button  remains,  which  glows  jnst  before  it  solidifies.  The 
jierfectly  bright  button  when  cool  is  malleable. 

Milllerite  {sylvanite)  behaves  in  the  open  tube  like  the  preceding 
mineral. 

On  coal  it  fuses  easily  to  a  globule  and  coats  the  coal  Avith  the  tel- 
lurium fumes,  which,  touched  by  the  E.  F.,  are  driven  ofi",  imparting 
a  bluish-green  tinge  to  the  flame ;  then,  after  further  treatment,  a 
yellow  coating  of  oxide  of  lead  is  formed,  and  finally  there  remains 
a  metallic  button,  which  has  the  color  of  silver,  but  which  cannot  be 
dissolved  in  nitric  acid.  When  fused  with  twice  its  weight  of 
chemically  pure  silver,  and  again  treated  with  nitric  acid,  all  the 
silver  is  dissolved  and  a  considerable  amount  of  gold  remains. 

Phyllinglanz. — In  a  closed  tube,  at  a  gentle  heat,  the  mineral  is  not 
altered ;  with  a  stronger  heat  it  fuses  and  gives  a  trifling  white  sub- 
limate, which,  however,  cannot  be  again  volatilized. 

In  the  open  tube  with  a  gentle  heat,  it  fuses  only  imperfectly,  but 

evolves  sulphurous  acid  and  a  white  smoke,  which  coats  the  glass 

tolerably  near  the  assay,  has  the  appearance  of  a  combination  of 

oxide  of  antimony  and  antimonic  acid,  and  increases  with  a  stronger 

heat,  by  which  the  mineral  is  fused  to  a  globule.    The  fused  assay  is 

surrounded  by  a  brown  glass,  which,  on  the  edges,  is  translucent  and 

of  a  vellow  color. 

21 
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Alone  on  coal  it  fuses  very  easily,  spreads  ont  and  volatilizes,  leav- 
ing a  few  very  small  scattered  gold  buttons,  and  affords  a  scarcely 
perceptible  odor  of  selenium.  A  white  coat  is  also  formed,  which, 
disappears,  when  touched  with  the  flame,  with. a  greenish-blue  tinge, 
leaving  behind  yellow  spots.  The  white  coat  accordingly  consists 
principally  of  a  mixture  of  oxide  of  antimony  and  sulphate  of  lead. 

Treated  with  borax  on  coal  in  0.  F.,  a  white  antimony  coat  is 
formed,  which  has,  however,  a  dark  yellow  border,  thus  proving  that 
some  tellurium  is  present.  The  remaining  metallic  button  possesses 
the  lustre  and  color  of  pure  gold.  The  borax  bead  appears  colorless 
and  is  perfectly  transparent. 

c.  Examination  for  gold  in  metallurgical  products. 

All  that  is  to  be  noticed  in  the- examination  for  gold  in  metallur- 
gical products  can  be  found  under  the  general  examination  for  gold. 

17.    TlTAIiTIUM,   Ti. 

Its  occurrence  in  the  mineral  hingdom  and  in  metallurgical 

products. 

Titanium  is  found  in  nature  only  in  the  oxidized  state. 

a.  As  acid,  alone,  in 
Octahedrite,   brookite  {arTcansite),   and   rutile, — Ti,   Avith   60.1  Ti; 
these  minerals  often  contain  small  quantities  of  Fe,  Sin,  and 
sometimes  Bn. 
Bmenorutile  is  a  modification  rich  in  iron. 

5.  As  acid  in  combination  with  earths  and  metallic  oxides  in  the 
following  minerals : 

Perofskite,  titanite,  and  scholomite,  vide  lime; 
Polymignite,  poly  erase,  aeschynite,  euxenite,  and  yttrotitanite,  vide 

yttria ; 
CErstedite,  vide  zirconia ; 
Tscheffkinite  and  mosandrite,  vide  cerium  ; 
Menaccanite,  vide  iron. 

Titanium  also  forms  a  small  and  unessential  ingredient  of  a  few 
other  minerals,  which  have  already  been  mentioned. 

Titanium  occurs  in  metallurgical  products : 

a.  In  combination  with  cyanogen  and  nitrogen,  partly  crystallized, 
in  certain  blast-furnace  slags,  as  small  copper-red  cubes,  which,  ac- 
cording to  Wuhler,  are  composed  of  Ti  C  N  +  3  Ti=  N,  with  78  Ti, 
18.1  N,  and  3.4  C,  or  16.2  cyanide  of  titanium  and  83.8  nitride  of 
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titanium,  and  partly  in  more  or  less  adherent,  irregularly  shaped 
bodies  in  the  bears,  which  form  when  blowing  out  iron  blast-furna- 
ces. 

b.  According  to  Kersten,  certain  blast-furnace  slags  also  owe  their 
fine  blue  color  to  a  small  amount  of  oxide  of  titanium. 

Examination  for  Titanium, 

Including  the  blowpipe  characteristics  of  the  minerals  belonging  here, 
a.  General  examination  for  titanium. 

Minerals  consisting  principally  of  titanic  acid  can  be  very  easily 
recognized  from  their  behavior  with  the  fluxes  and  soda,  vide  titanic 
acid,  p.  110.  When,  however,  the  titanic  acid  is  combined  with 
bases,  or  in  general,  with  earths  or  metallic  oxides,  it  is  not  always 
possible  to  recognize  it  immediately  by  means  of  the  fluxes,  because 
certain  of  the  basic  constituents  hide  the  reaction  of  titanium. 
When,  besides  titanic  acid,  only  the  oxides  of  iron  are  present  in 
moderate  quantities,  the  presence  of  the  former  can  be  proved  by  its 
behavior  with  S.  Ph.  in  E.  F.,  if  it  is  known  that  tungsten  is  not 
present ;  the  bead  becomes  dark  on  cooling  and  more  or  less  brown- 
ish-red. If  the  amount  of  titanium  is  large  a  violet  color  can  be 
obtained  in  S.  Ph.,  when  treated  in  E.  F.  on  coal  with  tin. 

According  to  Eiley  ( Quart.  Journ.  of  the  Chem.  Soc,  XII.,  13  ; 
also  Erdm.  Journ.  Vol.  LXXIX.,  p.  64),  it  is  better  to  use  a  piece  of 
metallic  zinc  instead  of  tin,  when  the  amount  of  titanium  in  the  sub- 
stance is  very  small  and  when  the  violet  color  does  not  make  its 
appearance  distinctly. 

In  complex  substances,  which  give  no  decisive  reaction  for  tita- 
nium with  the  fluxes,  a  small  amount  of  the  same  may  be  detected 
in  the  following  way :  the  finely  pulverized  substance  is  fused  in  a 
platinum  spoon  at  a  moderate  red  heat  with  six  to  eight  times  its 
weight  of  bisulphate  of  potassa,  the  mixture  being  melted  in  small 
portions  at  a  timci  The  mass  is  then  dissolved  in  just  sufficient  water 
in  a  porcelain  dish  over  the  lamp  and  the  insoluble  parts  allowed 
to  settle.     The  solution,  if  concentrated,  may  be  heated  to  boiling. 

The  clear  solution  is  then  poured  into  a  larger  dish,  mixed  with  a 
few  drops  of  nitric  acid,  diluted  with  at  least  six  times  as  much 
ivater,  and  then  boiled.  If  the  substance  contained  titanium  the 
latter  is  dissolved  by  tlie  fusion  with  bisulphate  of  potassa  and  treat- 
ment with  water,  but  is  precipitated  from  the  acid  solution  by  con- 
tinued boiling  as  white  titanic  acid.     If  the  solution  is  not  acidified 
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with  nitric  acid  before  boiling,  a  yellow,  ferruginous  titanic  acid  is 
obtained,  when  the  substance  contains  iron.  The  precipitated 
.  titanic  acid  is  collected  upon  a  small  filter,  washed  with  water  con- 
taining nitric  acid,  and  tested  with  S.  Ph.,  either  on  platinum  wire  or 
coal.  If  the  amount  of  titanic  acid  is  so  small  that  in  E.  F.  it  does 
not  impart  to  the  S.  Ph.  the  violet  color  of  sesquioxide  of  titanium, 
it  is  only  necessary  to  add  a  little  sesquioxide  of  iron,  when  the  assay 
is  upon  a  wire,  or  a  small  piece  of  iron  wire  when  on  coal,  and  to 
fuse  the  glass  for  a  short  time  with  the  E.  F.;  it  then  appears  yel- 
lowish while  hot  and  brownish-red  when  cool,  p.  110. 

If  compounds  containing  zirconia  with  titanic  acid  are  fused  with 
bisulphate  of  potassa  and  the  mass  treated  with  water,  a  part  of  the 
titanic  acid  is  apt  to  remain  undissolved  with  the  zirconia;  of  this 
extended  mention  has  been  made  under  yttria,  p.  188. 

i.  Bloiopipe  characteristics  of  minerals  containing  titanium. 

OctaJiedrite,  Iroohite  {arhansite),  and  rutile  are  infusible  B.  B.  In 
the  fluxes  and  with  soda  they  behave  like  titanic  acid,  vide  p.  110. 
It  need  only  be  remarked  that  they  dissolve  in  S.  Ph.  with  more 
difficulty  than  the  pure  artificial  titanic  acid,  and  also  that  the  colors 
produced  by  titanic  acid  in  borax  and  S.  Ph.  have  sometimes  a  dif- 
ferent appearance,  owing  to  a  small  admixture  of  other  metallic 
oxides,  as  iron,  and  that  with  soda  and  nitre  a  reaction  of  manga- 
nese is  often  obtained. 

c.  Behavior  9f  titanium  occurring  in  metallurgical  ^products. 

The  titanium  which,  combined  partly  with  cyanogen  and  partly 
with  nitrogen,  is  found  crystallized  in  blast-furnace  slags,  or  only  as 
an  admixture  in  bears,  is  dissolved  in  borax  with  difficulty,  but  with 
moderate  ease  in  S.  Ph.  Even  from  the  purest  portions  no  violet 
color  is  obtained  by  dissolving  it  in  S.  Ph.  and  treating  in  E.  F. 
The  cold  glass  always  has  a  more  or  less  intense  brownish-red  color, 
owing  to  the  presence  of  iron.  Even  on  treating  the  glass  with  tin 
no  violet  color  is  produced. 

18.  Tantalum — Ta,  and  Niobium  (Columbium) — Nb. 

These  metals  occur  only  as  acids  combined  with  bases,  and  are 
found  in  the  following  minerals  : — 
Tantalite,  columbite,  vide  iron ; 
Pyrochlore,  vide  lime ; 
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Yttrotantalite,  hielmite,  fergusouite,  samarskite,  tyrite,  aeschynite, 
suxenite,  polycrase,  vide  yttria ; 
Wohlerite,    eucolite,  vide  zirconia; 
Wolframite,  vide  iron ; 
Cassiterite  (certain  varieties),  vide  tin. 

Examination  for  Tantalum  and  Niobium  * 

The  most  certain  method  of  recognizing  these  metals  in  yery  com- 
plicated combinations  is  the  same  as  that  already  given  nnder  yttria, 
p.  188.  A  sufficient  amount  of  the  very  finely  powdered  mineral  is 
fused  with  bisulphate  of  potassa,  and  the  fused  mass  dissolved  in 
water,  after  being  pulverized.  If  the  mineral  contains  one  of  the 
above  acids,  with  perhaps  tungstic  acid  also,  these  are  separated  by 
the  treatment  with  water,  while  any  titanic  acid  present  dissolves, 
together  with  the  bases.  The  residue  may  be  either  fused  with 
carbonate  of  potassa,  p.  189,  or  if  free  from  titanic  acid  and  zirconia, 
treated  at  once  with  sulphide  of  ammonium,  to  separate  the  tung- 
stic acid  and  oxide  of  tin.  After  filtration  and  thorough  washing 
the  residue  is  treated  on  the  filter  with  dilute  hydrochloric  acid,  to 
remove  traces  of  iron,  and  is  then  examined  for  tantalic  or  niobic 
acids. 

The  examination  may  be  made  either  with  the  glass  fluxes  and 
cobalt  solution,  or  with  hydrochloric  and  sulphuric  acids,  and  the 
addition  of  metallic  tin  or  zinc.  [Rammelsberg  {Pogg.  cxxxvi., 
177,  et  seq.),  gives  the  following  distinctive  reactions  of  tantalic  and 
niobic  acids. 

If  hydrochloric  acid  and  zinc  are  added  to  a  solution  of  a  tanta- 
late  of  an  alkali  no  coloration  results,  unless  a  large  amount  of  acid 
is  added,  when  there  ensues  a  feeble  bluish  coloration.  If  niobate  of 
an  alkali  is  similarly  treated  with  hydrochloric  or  sulphuric  acid  and 
then  with  zinc,  the  separating  niobic  acid  rapidly  assumes  a  fine  blue 
color,  which  gradually  becomes  paler,  and  then  brown ;  the  fluid  is 
then  also  brown,  and  yields  a  brown  precipitate  with  ammonia. 

B.  B.  tantalic  acid  yields  colorless  glasses.  B.  B.  niobic  acid, 
obtained  by  decomposition  of  the  chloride,  yields  with  S.  Ph.  in 
0.  F.  a  colorless  glass ;  which  in  R  F.  is  violet  or  blue  (with  larger 

*  It  has  been  definitely  settled  that  the  metal  dianium,  Tivhich  von  Kobell  thought 
he  had  discovered  in  certain  minerals  (viz.  :  samarskite,  euxenite,  etc.),  does  not  exist, 
and  it  is  therefore  here  omitted,  although  retained  in  the  German  edition.  As  regards 
.'he  recent  investigations  of  the  acids  of  tantalum  and  niobium,  see  the  end  of  this 
article. 


32G  plattner's  blowpipe  analysis. 

quantities).  ^N'iobic  acid  separated  by  fusion  with  bisulphate  of 
potassa  yields  a  brown  glass  under  the  same  circumstances.  Transl.] 

The  examination  for  the  respective  acids  may  also  be  made  after 
fusing  the  substance  in  fine  powder  with  carbonate  of  potassa. 
Titanic  acid  has  no  injurious  effect,  because  the  resulting  titanate  of 
potassa  is  but  slightly  soluble  in  water. 

The  fusion  is  performed  either  with  separate  portions,  upon  a  stout 
platinum  wire,  or  more  conveniently  in  a  small  platinum  crucible  of 
the  same  shape  as  the  clay  crucible,  Fig.  28,  p.  23,  which  is  set  in 
a  square  coal  and  heated  as  strongly  as  possible,  as  is  described  under 
the  quantitative  assay  for  lead.  Five  or  six  volumes  of  carbonate  of 
potassa  are  employed,  with  the  addition  of  one  volume  of  nitre, 
when  the  bases  are  at  a  low  stage  of  oxidation.  The  fused  mass  is 
treated  with  hot  water,  the  solution  (which  is  almost  always  colored 
more  or  less  green  by  manganese)  filtered  off,  and  treated  with 
hydrochloric  acid.  The  precipitate  of  the  metallic  acid,  which  is 
generally  of  a  reddish  tinge  owing  to  the  presence  of  some  manga- 
nese, is  filtered  out,  treated  with  sulphide  of  ammonium  if  tung- 
stic  and  molybdic  acids  are  present,  and  the  examination  then 
conducted  as  above. 

Tantalic  acid  may  be  further  recognized  by  the  following  reaction. 
The  doubtful  acid  which  remains  after  the  fusion  with  bisulphate 
of  potassa,  is  mixed  with  five  volumes  of  carbonate  of  potassa  and 
fused,  either  in  the  platinum  crucible,  as  above,  or  on  j^latinum 
wire,  to  a  clear  mass,  and  this  is  dissolved  in  hot  water,  affording  a 
clear  solution,  from  which  the  respective  metallic  acids  are  thrown 
down  by  hydrochloric  acid.  Upon  adding  tincture  of  galls  to  the 
solution  the  white  precipitate  assumes  a  light  yellow  color  if  con- 
sisting of  tantalic  acid,  while  in  presence  of  niobic  acid  it  becomes 
orange-yellow  or  orange-red. 

If  one  of  the  compounds  here  included  contains  silicic  acid,  the 
examination  is  conducted  as  above  described  (p.  194  and  195),  for 
the  decomposition  of  wohlerite  and  eudialyte,  which  can  be  decom- 
posed by  hydrochloric  acid. 

Should  the  compound  not  be  decomposed  by  hydrochloric  acid,  it 
must  be  fused  with  soda  and  borax,  p.  113,  the  fused  mass  evapo- 
rated to  dryness  with  hydrochloric  acid,  and  then  treated  with  Avater. 
The  residue  of  acids  is  then  to  be  washed  with  acidulated  water  on 
a  filter,  dried  and  fused  with  five  volumes  of  carbonate  of  potassa, 
as  before ;  the  beads  are  pulverized  and  further  treated,  as  above. 
The  reactions  for  the  acids  in  question  are  in  no  way  injured  by  the 
presence  of  the  silicic  acid. 
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[IS^OTE. — In  the  foregoing  pages,  as  well  as  in  the  tables  (p.  95, 
et  seq).,  the  old  formulas  for  the  acids  of  tantalum  and  niobium  have 
been  retained ;  the  recent  investigations  of  Marignac  and  Blom- 
stnind,  however,  indicate  that  there  are  only  two  acids,  tantalic 
acid  aiid  niobic  acid,  and  that  H.  Eose's  hyponiobic  acid  is  identi- 
cal with  niobic  acid.  The  formulas  for  the  acids  are  Nb  0'  and 
TaO* ;  Marignac  gives  the  equivalent  of  niobium  as  94  (H  =  1), 
and  the  equivalent  of  tantalum  is  given  as  182.     Transl.] 

19.  Antimony,  Sb. 

Its  occurrence  in  the  mineral  kingdom  and  in  metallurgical 

products. 

This  metal  is  found  in  nature — 

a.  In  the  metallic  state,  alone,  in 

Native  antimony,— Sb,  usually  containing  Ag,  Fe,  and  As. 

b.  In  combination  with  other  metals,  in 
Breithauptite,  vide  nickel ; 

Allemontite  {arsenical  antimony), — Sb  As',  with  34.8  Sb  ;  a  variety 
from  the  Palmbaum  mine,  near  Marienberg,  gives  the  formula 
Sb  As*^  with  8  Sb  ;  it  is  an  antimonial  arsenic. 

Dyscrasite,  vide  silver. 

c.  In  combination  with  sulphur,  alone  and  also  with  other  metallic 
sulphides,  in 

Stibnite,  (grag  antimony,) — Sb,  with  71.4  Sb ; 

Berthierite,  which  varies  somewhat  in  its  composition;  the  variety 
from  Anglar  in  the  Dept.  de  la  Creuse,  that  from  Arany-Idka  and 
that  from  Braunsdorf,  have  the  formula  Fe  Sb  with  56.6  Sb ;  * 
that  from  Chazelles,  in  Auvergne,  corresponds  to  the  formula 

f  in 

Fe'  Sb"  with  51.3  Sb ; 
iJllmannite,  vide  nickel; 
Bournonite,  zinkenite,  plagionite,  jamesonite,  meueghinite,  feather 

ore,  boulangerite,   geocronite,   kilbrickenite,    steinmannite,  ko- 

bellite,  and  clayite,  vide  lead  ; 
Chalcostibite,  tetrahedrite,  aftonite  and  wolchite,  vide  copper ; 
Stephanite,  polybasite,  pyrargyrite,  pyrostilpnite,  miargyrite,  freies- 

lebenite,  brongniardite,  freibergite,  vide  silver. 

d.  In  a  combination  of  sul^jhide  and  oxide  of  antimony,  in 
Kermesite  {red  antimony), — 2  Sb  +  Sb,  with  75  Sb. 

*  The  variety  from  Briiunsdorf  contains  2.5  per  cent,  man'^anese  and  corrcspondi 
'  I       I        III  '    J  '"  1 

to  the  fonnuhi  (Fe,  Mn)  JSb  ;   von  Bauer  found  for  the  same  tlie  formula  Fe    Sb*. 
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e.  In  the  oxidized  state  in 
Valeutinite  and  senarmontite, — S'b,  with  83.3  Sb ; 

Cervantite, — Sb  B'b  with  79.0  Sb ;  stibiconite  {antimony  ochre,  pt.) 

Sb  0*  +  fl,  with  74. 5  Sb  ;  a  variety  from  Con  stan tine,  'Sb  +  4  H, 
with  61.3  Sb. 
Partzite,  from  Mono  Co.,  Cal.,  appears  to  be  hydrous  oxide  of  anti- 
mony, with  various  metallic  oxides,  according  to  Blake.    Arents 

obtained  47.6  S'b.     Stetefeldtite,  from  Nevada,  appears  to  be  very 
similar.     Stetefeldt  found,  as  a  mean  from  two  analyses,  43.77 
Sb  OS  33.7  Ag,  12.7  Cu,  and  also  S,  Fe  and  fi.     (Dana.) 
Volgerite  [antimony  ochre,  pt.), — Sb  0^  +  5  S  (Dana). 
/.  In  combination  with  earths  and  metallic  oxides  in 
Eomeite,  vide  lime,  and  in 
Bindheimite,  vide  lead. 

In  metallurgical  products  antimony  only  forms  an  essential  ingre- 
dient in  the  sulphide  of  antimony,  Sb  extracted  by  liquation  ;  as  a 
secondary  constituent  it  is  found  in  several  products  from  lead  and 
silver  smelting,  when  the  smelted  or  amalgamated  ores  were  stibif- 
erous  silver  or  lead  ores,  or  were  not  free  from  an  admixture  of 
stibnite.  Here  are  to  be  specially  mentioned : 
Eaw  lead  and  lead  reduced  from  abstrich,  vide  lead; 
Ketort-silver,  vide  silver; 

Eaw  matt,  lead  matt,  copper  matt,  furnace  crust,  vide  iron,  in  which 
products  the  antimony  is  present  as  Sb;  also  abzug  and 
abstrich,   vide  lead,  which  products  contain  the    antimony  as 

antimonic  acid  Sb  combined  with  oxide  of  lead. 
Besides  these  products,  there  are  several  others,  which  sometimes 
contain   small   quantities  of  antimony,  as  certain   kinds  of  black 
copper  and  speiss,  and  the  litharge  that  is  obtained  from  the  cupel- 
lation  of  lead  containing  antimony. 

Examination  for  Antimony,    - 

Including  the  Uoiopipe  characteristics  of  the  minerals  lelonging 

here. 

a.  General  examination  for  antimony. 

The  examination  for  antimony  is  very  simple,  and  is  often  limited 
to  a  test  of  the  substance  on  coal  or  in  an  open  tube. 

Alloys  are  generally  tested  on  coal  and  the  antimony  recognized 
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by  the  coat,  which  it  deposits,  vide  behavior  of  antimony  on  coal, 
p.  67 

If  the  antimony  is  combined  with  metals  which  also  give  a  coating 
on  coal,  a  coating  of  oxide  of  antimony  is  formed,  it  is  true,  that  is 
visible  when  the  amount  of  antimony  is  not  too  small,  but  the 
usually  less  volatile  coating,  that  is  at  the  same  time  formed  by  the 
other  metals,  appears  sometimes  changed  in  color,  as  is  the  case  with 
lead  that  contains  antimony,  p.  262.  If,  however,  such  a  combina- 
tion is  treated  with  a  little  vitrified  boracic  acid,  so  that  the  fused 
glass  is  covered  with  the  blue  flame,  the  metallic  button  remaining 
on  the  side  of  the  glass,  the  lead  is  dissolved  by  the  boracic  acid  as 
oxide  and  a  coating  of  pure  oxide  of  antimony  is  formed,  if  too 
much  heat  is  not  applied.     The  method  is  the  same  for  bismuth. 

If  the  antimony  is  combined  in  small  amounts  with  metals,  such 
as  copper,  from  which  it  can  only  be  separated  with  difficulty,  no 
coating  is  formed  by  a  slow  volatilization ;  such  an  alloy  is  treated 
on  coal  in  0.  F,  with  S.  Ph.,  until  a  part  of  the  antimony  has  been 
oxidized  and  taken  up  by  the  glass,  which  is  then  separated  from  the 
metallic  button  and  treated  in  R.  F.  on  another  part  of  the  coal  with 
tin.  It-is  then  observed  whether,  upon  cooling,  it  assumes  an  opaque, 
dark-gray  or  black  color  from  which  the  presence  of  antimony  may, 
in  most  cases,  be  distinctly  recognized,  p.  99.  Since,  however,  a 
portion  of  the  metals  combined  with  the  antimony,  if  they  are  oxi- 
dizable,  are  also  oxidized  and  taken  up  by  the  glass,  it  must  be  con- 
sidered what  colors  these  oxides  impart  to  the  glass  when  treated 
with  tin.  Especial  regard  must  be  paid  to  this  point  when  bismuth 
is  present,  for  its  oxide  behaves  in  S.  Ph.  almost  the  same  as  the 
oxides  of  antimony,  pp.  99  and  100.  If  therefore  both  metals  are 
present  together,  combined  with  a  third  metal,  the  examination  in 
S.  Ph.  is  not  decisive ;  in  this  case  a  larger  assay  piece  must  be  used 
and  the  point  decided  by  examining  the  coatings  very  carefully,  or 
the  wet  way  must  be  resorted  to.  In  the  latter  case  the  alloy  is  dis- 
solved in  aqua  regia,  the  solution  mixed  with  ammonia  in  excess, 
and  the  metals  precipitated  as  sulphides  by  sulphide  of  ammonium, 
ill  which  some  sulphur  has  been  previously  dissolved.  The  precipi- 
tated sulphide  of  antimony  is  then  redissolved  by  heating,  the  solu- 
tion diluted  with  water,  filtered,  and  the  sulphide  of  antimony  pre- 
cipitated by  dilute  hydrochloric  acid  and  collected  on  a  filter.  When 
dry  it  is  either  tested  on  coal  or  in  an  open  tube. 

In  the  examination  for  copper,  p.  292,  it  was  observed  that  when  a 
bead  of  S.  Ph.  containing  oxide  of  copper  is  treated  for  a  short  time 
on  coal  with  tin,  it  becomes  opaque  and  red,  but  afterward  quickly 
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dark-gray  to  black  if  it  contained  even  a  small  quantity  of  antimony 
As,  then,  a  bead  of  this  kind  becomes  red  when  cool  only  after  a  long- 
continued  treatment  in  the  R.  F.,  a  small  amount  of  antimony,  even 
in  copper,  can  be  easily  detected  by  an  examination  with  S.  Ph. 

Metallic  sulphides  are  examined  for  antimony  partly  on  coal,  partly 
in  an  open  tube. 

According  as  the  substance  is  rich  or  poor  in  sulphide  of  antimony, 
there  are  formed  in  the  tube,  besides  sulphurous  acid,  more  or  less 
antimonial  fumes,  which  are  deposited  in  the  form  of  powder  upon 
the  glass,  partly  as  oxide  of  antimony,  and  partly  as  a  combination 
of  oxide  of  antimony  and  antimonic  acid.  The  former  is  furthest 
from  the  assay  and  can  be  driven  from  place  to  place  by  heating ;  a 
part  of  it,  however,  is  apt  to  be  oxidized,  at  the  expense  of  the  air 
that  flows  through  the  tube,  to  a  combination  with  antimonic  acid, 
which,  like  that  deposited  upon  the  under  side  of  the  glass  near  the 
assay,  can  neither  be  volatilized  nor  fused.  When  the  amount  of 
antimony  is  inconsiderable,  the  combination  of  the  two  oxides  is 
almost  exclusively  formed. 

If  the  substance  contains  sulphide  of  lead,  as  well  as  sulphide  of 
antimony,  thick  fames  are  evolved,  but  only  the  smallest  part  of  the 
same  is  deposited  as  volatile  oxide  of  antimony.  It  is  changed  for 
the  most  part  to  a  combination  of  oxide  of  antimony  and  antimonic 
acid,  which  is  mixed  with  sulphate  of  lead,  and  near  the  assay  with 
antimonate  of  lead,  and  which  can  not  be  volatilized. 

If  the  substance  contains  arsenic  it  is  observed  that  when  the 
assay  is  only  heated  a  sliort  time,  a  mixture  of  pulverulent  oxide  of 
antimony  and  crystalline  arsenous  acid  is  deposited  upon  the  glass. 
If  a  mixture  of  sulphide  of  arsenic  and  sulphide  of  antimony,  in 
which  the  quantity  of  the  latter  is  small,  is  to  be  examined,  it  is  put 
into  a  closed  tube  and  the  sulphide  of  arsenic  sublimed  by  a  gentle 
heat,  the  greater  part  of  the  sulphide  of  antimony  remaining  behind 
and  having  a  black  color.  The  lower  part  of  the  tube  is  then  cut  oflF, 
and  the  sulphide  of  antimony  taken  out  and  tested  in  an  open  tube. 
As  a  perfectly  decisive  result  is  obtained  in  this  way,  this  test  is 
recommended  for  the  examination  of  the  mixture  of  the  sulphides 
of  arsenic  and  antimony,  which,  in  qualitative  analysis  of  compound 
substances  in  the  wet  way,  is  separated  by  hydrosulphuric  acid,  or 
precipitated  by  acids  from  a  solution  of  sulphide  of  ammonium.  It 
must,  however,  be  previously  dried  thoroughly. 

The  examination  of  metallic  sulphides  for  antimony  can  also  take 
place  on  coal,  because  the  coating  of  oxide  of  antimony  can  be  easily 
distinguished  from  others  that  are  similar. 
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If  tlie  substance  contains  arsenic  this  is  first  volatilized  by  a  Aveali 
flame,  provided  it  is  present  in  not  too  small  an  amount  and  not 
combined  with  nickel  or  cobalt ;  the  coal,  far  distant  from  tlie  assay, 
is  covered  with  a  white  coating,  which  is  grayish  in  the  thinner  parts, 
p.  67.  If  no  arsenic  is  present  a  thin  coat  of  antimony  is  often 
deposited.  When  no  more  arsenical  fumes  are  observed,  the  coat  of 
arsenous  acid  is  driven  off  by  a  gentle  flame,  without  igniting  the 
coal,  in  order  to  obtain  a  clean  surface  upon  which  the  antimony 
coat,  formed  by  a  further  heating  of  the  assay,  can  be  recognized  by 
its  behavior  when  touched  with  the  R.  F.,  p.  67.  If,  however,  the 
substance  contains  lead  or  bismuth,  a  white  coat  is  formed,  which 
consists  of  a  mixture  of  oxide  of  antimony  and  sulphate  of  lead  or 
bismuth  ;  near  the  assay  a  yellow  coat  of  oxide  of  lead  or  bismuth  is 
also  formed,  which,  however,  contains  antimony.  The  method  for 
detecting  with  certainty  the  presence  of  antimony  in  such  substan- 
ces has  been  specially  described  in  the  general  examination  for  lead, 
p.  262.,  et  seq.  The  method  described  there  refers  principally  to 
substances  containing  lead ;  it  can,  however,  be  employed  also  for 
substances  that  contain  bismuth. 

When  the  substance  contains  zinc  there  is  also  deposited  on  the 
coal,  near  the  assay,  a  coat  of  oxide  of  zinc,  which,  however,  can  be 
easily  distinguished  from  an  antimony  coat  by  not  being  volatilized 
in  the  outer  flame,  while  the  oxide  of  antimony  can  be  driven  from 
place  to  place,  or  almost  entirely  volatilized. 

Substances  which  contain  antimony  as  oxide  are  best  tested  on  coal, 
either  by  themselves,  or  still  better  in  the  E.  F.,  with  the  addition 
of  soda;  the  antimony  is  reduced,  volatilized,  and  again  oxidized, 
forming  a  coat  on  the  coal.  When  oxide  of  lead  is  to  be  tested,  a 
part  of  which  is  combined  with  antimonic  acid,  abstrich  for  example, 
the  blast  must  not  be  too  continuous,  or  else  there  will  be  too  much 
lead  driven  off,  by  which  the  antimony  coat  is  rendered  indistinct. 

If  the  antimony  is  mixed  or  combined  with  metallic  oxides,  such 
as  those  of  tin  or  copper,  which  when  reduced  retain  the  antimony, 
they  are  treated  on  coal  in  E.  F.  with  soda  and  borax;  by  this  means 
small,  easily  fusible,  metallic  globules  are  separated,  which,  when  the 
amount  of  antimony  is  inconsiderable,  give  very  little  or  no  oxide  of 
antimony  on  coal,  even  when  treated  in  the  E.  F.  for  a  long  time.  The 
metallic  globules  are  separated  by  triturating  and  washing  the  fused 
mass  in  a  mortar  with  water,  then  fiised  on  coal  in  E.  F.  with  three 
to  five  times  their  volume  of  test  lead  and  a  little  vitrified  boracic 
acid.  If  the  glass  only  is  exposed  to  the  E.  F.,  the  antimony  ia 
volatilized  and  coats  the  coal  distinctly  with  its  oxide. 
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5.  Blotopipe  characteristics  of  the  minerals  that  contain 

antimony. 

KATIVE  ANTIMONY 

Behaves  B.  B.  on  coal  like  pure  antimony,  p.  67;  it  gives  forth 
Bometimes,  however,  a  distinct  odor  of  arsenic,  and  when  volatil- 
ized in  R.  F.  with  borax,  gives  a  more  or  less  distinct  reaction  of  iron. 
A  small  silver  button  is  usually  obtained  when  it  is  fused  with 
test  lead,  the  metallic  globule  treated  in  0.  F,  until  all  the  antimony 
is  driven  off,  and  the  lead  then  finally  cupelled. 

ALLEMOKTITE 

Fuses  very  easily,  volatilizes  with  a  strong  odor  of  arsenic,  and  coHts 
the  coal  with  arsenous  acid  and  oxide  of  antimony. 

ANTIMONY   IN   COMBINATION   WITH   SULPHUR   AND   OTHEB 
METALLIC   SULPHIDES. 

Stibnite  fuses  very  easily  when  moderately  heated  in  a  closed  tube, 
and  sometimes  yields  a  small  sublimate  of  sulphur ;  more  strongly 
heated  with  the  blowpipe  flame,  a  sublimate  is  formed,  which  when 
quite  cool  appears  cherry-red  to  brownish-red,  p.  62. 

Heated  in  an  open  tube  it  fuses  very  easily  and  evolves  sulphurous 
acid  and  dense  antimony  fumes,  the  great  part  of  which  is  deposited 
on  the  glass  near  the  assay  as  a  combination  of  oxide  of  antimony 
and  antimonic  acid;  a  portion,  as  oxide  of  antimony,  floats  through 
the  tube  and  escapes,  or  is  partly  deposited  upon  the  glass.  When 
too  strongly  heated,  the  coat  is  apt  to  be  tinged  with  red. 

On  coal,  fuses  easily,  spreads  out,  partly  sinks  into  the  coal,  and  is 
partly  volatilized;  the  portion  in  the  coal  emerges  again,  on  con- 
tinued blowing,  in  the  form  of  small,  bright  globules,  which  are  then 
volatilized.  During  the  operation  sulphurous  acid  is  disengaged 
and  a  coat  of  oxide  of  antimony  formed,  p.  67. 

Berthierite  heated  in  a  closed  tube,  decrepitates  sometimes,  fuses, 
yields  a  small  sublimate  of  sulphur,  and  by  stronger  heat  a  black 
sublimate  of  sulphide  of  antimony,  which  become^  cherry-red  when 
cool. 

In  the  open  tube  behaves  like  stibnite. 

Fuses  easily  on  coal,  and  leaves,  when  the  antimony  is  driven  off, 
a  black,  slag-like,  magnetic  mass,  which  gives  the  reactions  for  iron, 
and,  in  the  variety  at  least  from  Briiunsdorf,  a  manganese  reaction 
with  soda  and  nitre. 
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SULPHIDE    OF   ANTIMONY   IN   COMBINATION    WITH   OXIDE   OF 

ANTIMONY. 

Kermesite  in  a  closed  tobe  fuses  very  easily,  gives  at  first  a  little 
oxide  of  antimony,  and  then  a  slight,- yellowish-red  sublimate.  With 
etronger  heat  it  boils  and  yields  a  sublimate  of  sulphide  of  antimony. 
In  the  open  tube  and  on  coal  behaves  like  stibnite. 

OXIDE   OF   ANTIMONY. 

Vdlentinite  and  Senarmontite  in  the  matrass  fuse  and  partly 
sublime. 

On  coal,  fuse  very  easily  and  coat  the  coal  with  oxide  of  antimony. 
In  E.  F.  a  part  is  reduced  to  metallic  antimony,  which,  however,  ia 
volatilized  by  continued  blowing.  When  the  K.  F.  is  directed  upon 
the  assay,  the  outer  flame  is  colored  pale  greenish-blue. 

Cervantite  is  gradually  reduced  when  treated  on  coal  in  E.  F. ; 
the  reduced  antimony  is  volatilized,  covering  the-  coal  with  oxide 
and  leaving  behind  any  admixtures  of  foreign  substances,  which  are 
not  volatile.  With  soda  it  is  quickly  reduced,  so  that  small  globules 
of  antimony  are  separated,  which  disappear,  however,  on  further 
treatment. 

Certain  antimony  ochres  yield  water  in  the  matrass. 

a.  Examination  for  antimony  in  metallurgical  products. 

The  method  of  detecting  the  presence  of  antimony  in  the  above- 
mentioned  metallurgical  products  is  given  partly  in  the  examination 
for  iron,  p.  234,  partly  under  lead,  pp.  273  and  274.  and  also  under 
silver,  p.  309. 

20.  Tungsten,  W. 

Its  occurrence  in  the  mineral  hingdom  and  in  metallurgical 

products. 

Tungsten  occurs  in  nature  only  as  an  acid,  in  the  following  minerals : 

a.  Alone  in 
Tungstite,— W,  with  79.3  W. 

h.  In  combination  with  bases  in 
Scheelite,  vffZe  lime; 
Stolzite,  vide  lead ; 
Wolframite,  vide  iron ;  also  in  small  quantities,  in 
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Samarskite  and  yttrotaiitalite,  vide  yttria ; 
Tautalite  and  columbite,  vide  iron. 

In  metallurgical  products  tungsten  is  sometimes  found  in  small 
quantities  in  steel,  in  certain  kinds  of  tin  ;  more  frequently  and  in 
larger  amounts  in  the  furnace  deposits,  p.  275,  in  scraps  from  the 
refining  of  tin ;  principally,  however,  in  certain  tin  slags  as  acid. 

EKamination  for  Tungsten. 

'  Tungstite  acts  before  the  blowpipe,  according  to  von  Kobell,  as 
follows : 

On  coal,  in  E.  F.,  becomes  black. 

In  S.  Ph.  in  0.  F.  it  dissolves  to  a  colorless  or  yellowish  glass, 
which  in  E.  F.  becomes  fine  blue  when  cold;  it  behaves  otherwise 
like  pure  tungstic  acid,  p.  110. 

In  the  other  above-mentioned  minerals,  the  presence  of  tungstic 
acid,  if  not  in  too  small  quantities,  can  be  easily  recognized  by  the 
examination  with  S.  Ph. ;  the  bead  in  E.  F.  becomes  blue  when  cold, 
or,  in  the  presence  of  iron,  more  or  less  red.  Since,  however,  sub- 
stances that  contain  the  oxides  of  titanium  and  iron  behave  in  the 
same  way  as  those  in  which  tungsten  and  iron  are  present,  it  is 
advisable,  in  certain  cases,  to  make  a  special  examination  for 
tungsten. 

Upon  the  decomposition  of  complex  substances,  such  as  com- 
pounds of  tantalic,  niobic,  and  titanic  acids,  by  fusion  with  bisul- 
phate  of  potassa  and  a  further  treatment,  partly  in  the  dry,  and 
partly  in  the  wet  way,  p.  188,  the  tungsten  is  separated  as  sulphide. 
It  is  then  only  necessary  to  ignite  this  on  coal  in  0.  F.,  thereby  chang- 
ing it  to  oxide,  and  to  test  it  on  a  platinum  wire  with  S.  Ph.  If  enough 
has  been  dissolved  the  glass  appears,  when  treated  in  0.  F.,  yellowish 
while  hot,  but  becomes  colorless  when  cold ;  after  treating  it  a  short 
time  in  E.  F.,  it  becomes  blue  when  cold,  and  bluish-green  by  a 
longer  treatment  in  the  same,  p.  110. 

If  it  is  required  to  prove  the  presence  of  tungstic  acid  in  sub- 
stances in  which  it  is  uncertain,  from  their  behavior  with  S.  Ph., 
whether  they  contain  tungstic  or  titanic  acid,  they  must  be  treated 
in  the  following  way  :  the  finely  pulverized  substance  is  mixed  with 
five  times  its  volume  of  soda,  the  mixture  made  into  a  sort  of  paste 
with  a  little  water,  and  portions  of  this  melted  in  0.  F.  on  platijium 
wire.  Whenever  the  latter  becomes  full  the  fluid  mass  is  shaken  off 
mto  a  porcelain  dish.  The  fused  mass  is  noAV  pulverized  and  boiled 
with  water  in  a  deep  porcelain  dish,  in  order  to  decompose,  by  the 
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reducing  action  of  the  residue,  any  manganate  of  soda  that  might 
have  been  formed  and  dissolved.  The  solution  is  then  poured  off 
into  another  dish,  as  soon  as  it  has  become  clear  by  the  settling  of 
the  insoluble  earths  and  metallic  oxides,  in  which  latter  class  titanic 
acid  belongs.  The  cleai'  solution,  which  contains  tungstate  of  soda, 
is  mixed  with  a  few  drops  of  nitric  acid,  until  it  gives  an  acid  reac- 
tion, the  tungstic  acid  separating  as  a  wliite  powder,  which  becomes 
dense  and  lemon-yellow,  when  the  whole  is  heated  nearly  to  boiling. 
In  this  operation  especial  care  must  be  taken  not  to  have  the  solu- 
tion of  tungstate  of  soda,  which  also  contains  cai'bonate  of  soda,  too 
concentrated,  because  the  tungstic  acid,  which  has  been  separated 
by  nitric  acid,  does  not  turn  yellow  in  very  concentrated  solutions. 
The  acid  can  then  be  further  examined  with  S.  Ph. 

It  must  also  be  noticed  here  that  if  substances  containing  at  the 
same  time  much  tantalic  or  niobic  acids  are  tested  in  this  way  for 
tungstic  acid,  the  solution  contains  these  acids  also  in  combination 
with  soda,  and  that,  by  the  addition  of  nitric  acid,  a  white  precipi- 
tate is  formed,  which,  when  the  solution  is  heated,  does  not  turn 
distinctly  yellow,  and  sometimes  not  at  all  so.  To  recognize  the 
tungstic  acid  in  this  case,  the  precipitate  must  be  digested  with 
sulphide  of  ammonium  and  the  tungsten  dissolved  out  as  sulphide, 
which  is  further  treated  as  described  above. 

When  scheelite  (tungstate  of  lime)  is  finely  powdered  and  digested 
in  a  test  tube  with  hydrochloric  acid,  the  tungstic  acid  separates  as  a 
yellow  powder ;  if  a  small  piecs  of  metallic  tin  is  now  added,  the 
whole  is  colored  blue  by  the  formation  of  tungstate  of  tungsten, 
AT  W.  When  further  heated,  the  color  becomes  gradually  darker. 
This  test  can  also  be  used  directly  in  the  examination  of  wolframite. 
A  portion  of  the  finely-pulverized  mineral  is  digested  with  hydro- 
chloric acid,  until  a  moderately  concentrated  solution  is  obtained; 
this,  when  clear,  is  poured  off  from  the  residue,  a  piece  of  tin  is 
added  and  heat  applied,  when  the  solution  generally  assumes,  in  a 
short  time,  a  blue  color. 

If  salts  of  tungsten  occur  in  combination  with  silicates,  as  is  the 
case  in  certain  tin  slags,  the  tungstic  acid  remains  mixed  with  the 
silica,  when  the  above  compounds  are  decomposed  {vide  lime,  p.  155) 
into  their  separate  constituents.  Its  presence,  if  the  amount  is  not 
too  small,  can  be  proved  by  fusing  the  mixture  in  0.  F.,  as  described 
above  for  tantalic  acid  containing  tungsten,  with  a  bead  of  S.  Ph. 
that  contains  iron,  and  treating  the  glass  for  a  while  in  K.  F.,  observ- 
ing whether  the  bead  assumes,  when  cold,  a  dark  yellow  to  red  color. 
The  silica,  which  remains  almost  entirely  undissolved,  does  not  affect 
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this  reaction.  If,  however,  the  amount  of  tungstic  acid  in  propor- 
tion to  the  siHca  is  very  small,  no  reliable  result  is  obtained  by  this 
test.  If,  in  the  examination  of  a  tin  slag,  which  always  contains 
protoxide  of  iron,  with  S.  Ph.,  no  really  distinct  reaction  for  tungstic 
acid  has  been  observed,  the  silica  which  has  been  separated  by  the 
decomposition  of  the  slag,  can  be  treated  on  the  filter  with  sulphide 
of  ammonium,  as  described  under  yttria,  p.  188,  in  the  separation 
of  tungstic  acid  from  tantalic  and  niobic  acids.  The  sulphide  of 
tungsten  in  solution  is  precipitated  by  dilute  hydrochloric  acid  and 
tested  as  described  above,  p.  334. 

The  presence  of  tungstic  acid  in  tin  slags  may  also  be  frequently 
recognized  by  the  deep  indigo-blue  solution,  which  is  formed  when 
the  pulverized  slag  is  warmed  in  a  test  tube  with  hydrochloric  acid. 
This  is  due  to  the  fact  that  the  tin  slags  contain,  besides  oxide  of 
tin,  finely-divided  metallic  tin,  which,  in  dissolving,  acts  as  a  reduc- 
ing agent  upon  the  tungstic  acid  in  the  solution  of  the  bases,  and 
forms  tungstate  of  tungsten,  which  colors  the  solution  blue.* 

The  examination  of  metallic  tin  for  tungsten  has  already  been 
described,  p.  276,  in  the  general  examination  for  tin. 

21.  MOLYBDElSrUM,   Mo. 

Its  occurrence  in  the  mineral  M^igdom  and  in  metallurgical 

products. 

Molybdenum  occurs  in  nature : 
a.  In  combination  with  suljyMir  in 

n 

Molybdenite, — Mo,  with  59  per  cent.  Mo. 

h.  As  acid  by  itself,  in 
Molybdite  {molyhdic  ochre), — Mo,  with  65.7  Mo,  containing  some- 
times traces  of  iron  and  uranium. 

c.  In  combination  with  oxide  of  lead  in 
Wulfenite,  vide  lead. 

Molybdenum  is  also  found  in  small  quantities  in  a  few  products 
from  copper  and, tin  smelting,  viz. : 

a.  Metallic  in  certain  kinds  of  ratu  copper,  refined  copper,  and  tin, 
■  also  in  certain  hears,  which  are  sometimes  deposited  upon  the  sole 
of  the  furnace  when  smelting,  in  shaft  furnaces,  copper  and  tin  ores 
that  contain  molybdenum.     Finally,  it  is  also  found 

*  If  tin  slags,  which  ha,ve  been  freed  from  the  particles  of  metallic  tin  by  careful 
washing,  behave  in  the  same  way,  it  is  owing  to  the  fact  that  it  is  not  possible,  in  these 
Blags,  to  separate  mechanically  all  the  finely-divided  tin  fi"om  the  powdered  slag. 
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b.  As  oxide  in  the  various  scraps  and  slags  which  are  produced  in 
smelting  molybdiferous  copper  and  tin  ores,  as  well  as  in  refining 
raw  or  black  copper,  and  in  the  purification  of  tin. 


EKamiuation  for  Molybdenum, 

Including  the  Uo^vpipe  characteristics  of  the  minerals  lelongmg 

here. 

Molyhdenite  in  a  closed  tube  remains  unaltered.  In  the  open  tube 
yields  only  sulphurous  acid. 

When  a  thin  scale  of  the  mineral  is  heated  in  the  forceps  with  the 
point  of  the  blue  flame,  no  fusion  takes  place,  but  a  yellowish-green 
streak  is  seen  in  the  middle  of  the  outer  flame,  p.  76. 

On  coal  in  0.  F.  the  mineral  disengages  a  smell  of  sulphurous 
acid  and  coats  the  coal,  when  the  assay  is  held  as  far  as  possible  from 
the  flame,  with  crystalline  molybdic  acid,  which  appears  yellowish 
when  hot  and  becomes  white  upon  cooling ;  near  the  assay  the  charac- 
teristic copper-red  film  of  binoxide  of  molybdenum  with  its  metallic 
lustre,  p.  08,  is  observed.  The  assay  diminishes  in  volume,  but  does 
not  fuse. 

Heated  in  a  platinum  spoon  wdth  nitre,  it  deflagrates  with  a  flash 
and  dissolves  in  the  fused  salt,  leaving,  however,  yellow  flakes,  which 
remain  undissolved  when  the  mass  is  treated  with  water,  and  which 
behave  in  the  fluxes  like  sesquioxide  of  iron.  In  the  alkaline  solu- 
tion, the  molybdic  acid  which  is  formed  can  be  easily  detected,  as 
described  further  on. 

Molybdite  behaves  on  coal  by  itself  like  molybdic  acid,  p.  105. 
Treated  with  soda,  it  sinks  into  the  coal,  leaving  some  iron  behind. 

In  substances  which  do  not  contain  too  little  molybdenum,  this 
metal  can  be  found  in  the  following  way: — the  substance  to  be 
tested  is  finely  pulverized  and  fused,  if  it  contains  the  molybdenum 
as  sulphide,  with  three  times  its  volume  of  nitre,  but  if  it  contains 
the  metal  as  acid,  with  a  mixture  of  nitre  and  soda,  in  the  platinum 
spoon,  until  all  the  molybdenum  is  combined  as  acid  with  the 
alkaline  bases  present.  The  fused  mass  is  dissolved  in  water  in  a 
small  porcelain  dish  over  the  lamp,  the  clear  solution  poured  ofi"  from 
the  residue  into  a  porcelain  capsule  and  mixed  with  a  few  drops  of 
hydrochloric  acid,  until  it  gives  a  feeble  acid  reaction.  It  is  then 
warmed,  and  a  small  piece  of  bright  copper  foil  added ;  in  a  short 
time  it  is  quickly  colored,  commencing  from  the  spot  where  the  foil 
lies,  fine  dark-blue,  by  the  separated  molybdate  of  molybdenum. 

23 
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Tungstic  acid,  treated  in  this  way,  assumes  only  gradually  a  feeble 
blue  color. 

According  to  von  Kobell,  molybdic  acid  can  also  be  recognized  in 
its  combinations  by  heating  the  finely  pulverized  substance  in  a  por- 
celain dish  with  concentrated  sulphuric  acid,  and  then  adding 
alcohol.  The  fluid  when  cold  acquires,  especially  upon  the  sides  of 
the  dish,  a  fine  azure-blue  color. 

In  order  to  find  a  small  amount  of  molybdenum  in  the  above- 
mentioned  metallurgical  products,  it  is  necessary  to  have  recourse  to 
the  wet  way.  A  moderate  quantity  of  the  products  consisting  of 
combinations  of  metals  is  dissolved  in  aqua  regia  (products  contain- 
ing tin  preferably  in  nitric  acid),  diluted  with  water,  filtered,  the 
solution  mixed  with  ammonia  in  excess,  sulphide  of  ammonium 
added,  and  the  glass  covered  and  put  in  a  warm  place,  to  allow  the 
precipitated  sulphides  to  settle.  The  sulphide  of  molybdenum, 
which  remains  in  solution,  is  precipitated,  after  filtration,  by  very 
dilute  nitric  acid,  washed  with  water,  to  which  a  little  sulphide  of 
ammonium  has  been  added,  and  tested  when  dry  B.  B.  It  behaves 
in  general,  when  pure,  like  molybdenite. 

Scraps  and  slags,  which  contain  the  metals  present  as  oxides,  are 
pulverized  and  fused  with  bisulphate  of  potassa,  the  melted  mass 
dissolved  in  water,  filtered,  and  the  molybdic  acid  separated  from  the 
metallic  oxides  by  ammonia  and  sulphide  of  ammonium,  as  described 
above. 

22.  Vakadium,  V. 
Its  occurrence  in  the  mineral  kingdom. 

Vanadium  belongs  to  the  rare  metals ;  it  has  been  found,  up  to 
the  present  time,  only  as  acid  combined  with  bases  in  the  following 
minerals : 
Descloizite, 
Dechenite, 
Vanadinite, 
Eusynchite, 
Araeoxene, 
Chileite, 

Volborthite,  )      . , 

Vanadate  of  lime  and  copper  (Kalkvolborthit),     j  ^ 

Furthermore,  it  forms  an  unessential  ingredient  in: 
Conichalcite,  vide  copper,  and  in 
Hydrophite,  vide  magnesia. 


>.  vide  lead ; 
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It  has  also  been  found  in  veiy  small  quantities  in  certain,  clays  and 
iron  ores,  in  uraninite,  in  cupriferous  slate  (Kupferschiefer)  and  in 
slags. 

[According  to  Teschemacher,  vanadic  acid  probably  occurs  alone 
on  copper,  at  the  Cliff  mine,  Lake  Superior,  as  is  mentioned  by 
Dana,  under  Vanadic  oclire.     TransL] 

EKamination  for  Vanadium. 

If  the  amount  of  vanadium  in  any  substance  is  not  too  small,  it 
can  be  recognized  by  testing  with  borax  or  S.  Ph.,  provided  the 
reaction  is  not  suppressed  by  other  coloring  metallic  oxides.  The 
fluxes  appear  yellow  after  treatment  in  0.  F.,  but  change  their  color 
in  R.  F.,  appearing  broAvnish  while  hot,  and  emerald-green  upon 
cooling,  vide  vanadic  acid,  p.  111. 

If  substances  containing  vanadic  acid,  but  free  from  combinations 
of  silica,  are  finely  pulverized  and  fused  in  a  platinum  spoon  with 
twice  their  volume  of  soda  and  the  same  amount  of  nitre,  and  the 
melted  mass  then  treated  with  water,  the  vanadate,  nitrite,  and 
excess  of  nitrate  of  potassa  and  carbonate  of  soda  added  are  dis- 
solved, the  other  bases  remaining  behind,  provided  they  have  not 
also  combined  as  acids  with  a  part  of  the  alkalies.  "When,  therefore, 
the  substance  contains  at  the  same  time  chromic,  phosphoric,  arsenic, 
or  sulphuric  acids,  these  are  also  brought  into  solution,  combined 
with  potassa  and  soda.  The  solution  of  the  alkaline  salts,  after  it 
has  become  clear,  is  decanted  off  from  the  residue  into  a  porcelain 
dish,  saturated  with  acetic  acid  and  a  small  quantity  of  crystallized 
or  pulverized  acetate  of  lead  added,  which  dissolves  without  pro- 
ducing cloudiness,  if  the  solution  is  free  from  those  acids  Avhich 
decompose  this  salt  and  form  a  precipitate.  If,  however,  vanadic 
acid  is  present,  neutral  vanadate  of  lead  is  formed,  which,  when 
strongly  heated,  falls  to  the  bottom  and  assumes  a  pale  -yellow  color. 
The  behavior  of  this  salt  in  borax  and  S.  Ph.  establishes  the  pres- 
ence of  vanadium.  If  the  solution  contains  chromic  acid  also,  the 
precipitate  becomes  proportionably  darker  yellow,  but  paler  in  the 
presence  of  phosphoric,  arsenic,  or  sulphuric  acid;  in  the  latter 
case  it  is  necessary,  before  the  precipitate  can  be  tested  with  borax  or 
S.  Ph.,  to  collect  it  on  a  filter  and  treat  it  on  coal  in  R.  F.,  until  all 
the  arsenic  and  the  greater  part  of  the  lead  are  volatilized.  When 
chromic  acid  is  present  in  the  precipitate  the  bead  of  S.  Ph.,  treated 
in  a  pure  0.  F.,  does  not  appear  yellow,  but  yellowish-green. 

According  to  von  Kobell,  the  combinations  of  vanadic  acid  with 
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lead,  p.  260,  can  be  recognized  by  the  following  reaction.  The  solu- 
tion of  the  same  in  concentrated  hydrochloric  acid  (by  which  a  great 
deal  of  chloride  of  lead  is  separated),  when  concentrated,  after  an 
admixture  of  alcohol,  and  decanted  from  the  chloride  of  lead, 
assumes  an  azure-blue  color,  upon  the  addition  of  water.  Chromate 
of  lead  treated  in  this  way  also  yields  a  green  solution,  which,  how- 
ever, remains  green. 

If  a  substance  contains,  together  with  vanadium,  a  small  amount 
of  iron,  the  latter  may  be  best  detected  by  fusing  the  substance  with 
three  to  four  parts  by  weight  of  bisulphate  of  potassa,  dissolving  the 
mass  in  water,  and  testing  the  clear  solution  with  a  solution  of  fer- 
rocyanide  of  potassium.  When  the  solution  is  free  from  iron,  a 
green,  flocculent  precipitate  of  ferrocyanide  of  vanadium  (Vanadin- 
eisen  cyanur)  is  formed ;  if  it  contains  iron,  however,  this  is  present 
as  sesquioxide,  and .  imparts  to  the  solution  the  dark  blue  color  of 
Prussian  blue. 

Silicates,  such  as  slags,  are  decomposed  by  a  fusion  on  coal  with 
soda  and  borax,  p.  113 ;  the  mass  is  then  pulverized  and  treated  in  a 
platinum  spoon  with  an  equal  volume  of  nitre,  and  then  furthe' 
treated  as  has  been  described  above. 

23.  Cheomium,  Cr. 

Its  occurrence  in  the  mineral  hingdom. 

It  occurs : 

a.  Metallic,  in  very  small  quantities  in 
Meteoric  iron,  vide  iron. 

b.  As  oxide  in 
Chromite,  vide  iron ; 
Chromic  ochre. 


,,.,      ,  .,  r  w^e  alumina; 

Miloschite,  )  ' 

Wolchonskoite  III,  2;  according  to  Kersten, — (Gr,  3^e,  Al)*  Si'  +  18 
fl  with  18  per  cent.  &  and  small  amounts  of  Sig,  Mn,  and  Pb ; 
according  to  Berthier  and  the  later  investigations  of  Iliraoff, 
however,  it  contams  31  to  34  per  cent.  &,  and  appears  to  be  a 
mixture  of  ^r  and  hydrous  silicates  of  Sig,  l^e,  and  ^r ; 

Ouvarovite,  vide  lime ; 

Fuchsite,  vide  potassa ; 

Pyrope  from  Bohemia,  1 

Kiimmererite  (rhodochrome),         . , 

■P,         1    .,  '   >  wae  magnesia: 

Pyrosclente,  '  ° 

Serpentine, 
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Emerald,  vide  glucina. 

Also  in  very  small  amounts  in  the  following  aluminates : 
Spinel,  ruby,  vide  magnesia ; 
Chrysoberyl,  green,  vide  glucina. 

c.  As  chromic  acid  in 
Vauquelinite,       ] 
Crocoite,  v  vide  lead. 

Phoenicocliroite,  ) 

Examination  for  Chromium, 

Including  the  Uoivpipe  characteristics  of  the  minerals  belonging 

here. 

a.  General  examination  for  chromium 

Minerals  in  which  the  sesquioxide  of  chromium  or  chromic 
acid  forms  an  essential  ingredient,  afford  in  most  cases  a  distinct 
reaction  of  chromium,  w^hen  they  are  tested  in  the  0.  F.  with  borax 
or  S.  Ph. ;  the  beads  appearing  yellowish-green  when  perfectly  cool, 
vide  sesquioxide  of  chromium,  p.  101.  In  E.  F.  the  green  color,  if 
the  substance  is  free  from  oxides  of  lead  or  copper,  becomes  finer, 
and  even,  with  a  large  amount  of  chromium,  a  pure  emerald-green. 
If,  however,  these  metallic  oxides  are  present,  the  beads  become, 
when  cool,  oi:)aque  red  or  gray,  the  green  color  of  the  chromium 
being  hidden. 

A  small  amount  of  iron  in  minerals  containing  chromium  is  easily 
detected,  in  the  same  way  as  in  minerals  containing  vanadium,  by 
fusing  with  bisulphate  of  potassa,  dissolving  in  water,  and  testing 
the  solution  with  ferrocyanide  of  potassium,  p.  340. 

The  minerals  which  are  colored  blood-red  by  sesquioxide  of 
chromium,  viz. :  pyrope  and  the  spinel  from  Ceylon,  have  this 
peculiarity,  that,  by  simple  heating  in  the  forceps,  they  become 
black  and  opaque;  on  cooling,  however,  yellowish,  or  chrome-green, 
then  almost  colorless,  and  finally  just  as  red  as  before  heating. 
Those  silicates  Avhich  are  colored  red  by  chromium  and  iron  to- 
gether, become  also  opaque  by  heating,  but  assume  immediately, 
while  cooling,  their  original  red  color  and  transparency. 

Minerals  which  contain  little  sesquioxide  of  chromium,  but  other 
coloring  oxides  of  metals  in  larger  quantities,  and  which  give  no 
satisfactory  reaction  of  chromium  in  borax  or  8.  Ph.,  can  be  ex- 
amined for  chromium,  the  silicates  and  spinel  excepted,  in  the  fol- 
lowing way : 
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A  small  quantity  of  the  mineral  is  pnlverized  as  finely  as  possible, 
mixed  with  twice  its  volume  of  soda  and  the  same  amount  of  nitre, 
and  the  mixture  fused  with  a  strong  0.  F.,  in  the  loop  of  a  platinum 
wire  or  in  a  platinum  spoon,  until  it  is  thought  that  all  the  chro- 
mium has  been  changed  to  chromic  acid.  In  this  way  chromates  of 
the  alkalies  are  formed,  which  are  dissolved  in  water  in  a  porcelain 
dish,  with  the  aid  of  heat.  If  manganese  is  present  in  the  mineral, 
manganates  of  the  alkalies  are  formed  during  the  fusion;  these 
impart,  in  the  beginning,  a  green  color  to  the  solution,  but  are 
decomposed  by  the  residue  of  oxides  when  heated  to  boiling.*  This 
solution  is  then,  without  separating  it  from  the  residue,  strongly 
acidified  with  acetic  acid  and  boiled.  If  the  substance  contained 
lead,  the  alkaline  solution  must  be  decanted  from  the  residue  before 
the  acetic  acid  is  added. 

When  the  acid  solution  is  perfectly  clear  it  is  carefully  poured  off 
from  the  residue  into  a  porcelain  dish,  a  small  crystal  of  acetate  of 
lead  added,  and  the  whole  stirred  with  a  glass  rod.  As  the  acetate 
of  lead  dissolves,  the  free  chromic  acid  combines  with  the  oxide  of 
lead,  forming  a  lemon-yellow  powder,  which  quickly  falls  to  the 
bottom,  and,  after  filtration,  gives  with  borax  or  S.  Ph.  in  0.  P.  a 
bead  that  appears  fine  green  when  cool.  In  this  manner  very  small 
quantities  of  chromium  can  be  detected.  If  the  substance  contains 
sulphuric  acid,  the  chromate  of  lead  is  mixed  with  the  sulphate  and 
the  yellow  color  of  the  former  rendered  proportionably  paler,  accord- 
ing to  the  amount  of  the  latter  joresent.  With  phosphoric  acid  the 
behavior  is  the  same.  These  admixtures,  however,  do  not  affect  the 
reaction  of  the  chromium,  when  the  resulting  precipitate  is  tested 
with  borax  or  S.  Ph. 

Silicates  which  contain  only  little  chromium,  but  much  iron  or 
other  coloring  oxides  of  metals,  and  which  only  give  with  the  fluxea 
the  colors  of  iron  or  the  other  oxides,  can  not  be  examined  for 
chromium  exactly  according  to  the  method  just  described,  as  silicates 
are  not  decomposed  by  nitre.  It  is  therefore  necessary  to  choose 
another  method,  by  which  the  other  constituents  can  be  found  at 
the  same  time.  The  pulverized  mineral  is  fused  on  coal  in  0.  F. 
with  one  to  one  and-a-half  times  its  volume  of  soda,  and  one-half  to 


*  When  the  manganates  of  the  alkalies  are  present  in  such  large  amounts  that  the 
oxides  cannot  reduce  them,  it  is  only  necessary  to  ignite  in  a  matrass  a  small  piece  of 
pure  siderite  ;  pulverize,  when  cool,  the  proto-sesquioxide  of  iron  thus  formed,  add  it 
to  the  assay,  and  heat  the  whole  to  boiling;  by  this  means,  all  the  manganic  acid  ia 
reduced  and  separated  from  the  solution. 
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three-fourths  parts  of  borax,  to  a  clear  bead;  this  is  pulverized  and 
evaporated  to  dryness  with  hydrochloric  acid. 

The  chlorides  thus  formed  are  dissolved  in  water,  the  silica  filtered 
off,  the  protochloride  of  iron  in  the  solution  changed  to  sesquichlo- 
ride  by  boiling  with  a  few  drops  of  nitric  acid,  and  the  ])ases,  viz., 
sesquioxide  of  chromium,  iron,  alumina,  etc.,  precipitated  by  am- 
monia from  the  acid  solution.  The  precipitate  is  collected  "on  a 
filter,  washed,  and  fused  with  soda  and  nitre,  as  above.  By  this 
means  chromates  of  the  alkalies  are  formed,  which  can  be  decom- 
posed by  acetic  acid  and  acetate  of  lead,  as  described  above. 

Spinel  is  fused  on  coal  in  0.  F.  with  two  parts  by  volume  of  soda, 
and  three  parts  borax,  to  a  bead,  the  latter  pulverized,  mixed  with  an 
equal  amount  of  nitre,  and  fused  in  a  platinum  spoon.  The  mass  is 
now  dissolved  in  Avater,  and  the  solution  acidified  with  acetic  acid, 
and  tested  with  acetate  of  lead  to  ascertain  whether  the  spinel  in 
question  contains  chromium  or  not.  If  a  precipitate  is  formed  it 
must  be  tested  with  borax. 

h.  Bloiopijie  characteristics  of  the  minerals  belonging  here. 

Berzelius  has  examined  B.  B.  various  chrome  ochres,  from  the 
Departments  of  Saone  and  Loire  in  France,  from  Elfdalen  and 
Martanberg. 

The  variety  from  France  loses  its  color  when  heated,  and  becomes 
almost  white,  does  not  fuse,  but  shows  a  slag-like  surface,  Avhich, 
under  the  magnifier,  appears  to  be  made  up  of  vitrified  and  unfused 
particles. 

The  sesquioxide  of  chromium  is  dissolved  in  borax  and  gives  the 
glass  a  fine  green  color.  The  piece  becomes  white  and  dissolves 
with  difficulty.  In  S.  Ph.  it  is  also  soluble  with  difiiculty,  and  the 
same  quantity  gives  a  fainter  color  than  in  borax. 

It  is  dissolved  in  soda  with  difficulty,  and  requires  a  large  amount 
of  the  flux.  The  glass,  even  when  fused,  is  not  transparent,  and 
appears,  when  cool,  like  a  dirty,  grayish-green  enamel. 

The  chrome  ochre  from  Elfdalen  behaves  like  the  above,  as  does  also 
the  clay  containing  chromium,  from  Martanberg,  except  that  the 
latter,  with  a  strong  flame,  fuses  completely  to  a  black  slag. 

Wolchojiskoite  from  Peru  behaves,  according  to  Berzelius,  as 
follows : 

In  a  matrass  yields  water  and  changes  its  green  color  to  a  brown- 
ish one. 

In  the  forceps,  shows  upon  the  edges  traces  of  melting,  but  does 
not  fuse,  cracks  upon  the  surface,  and  becomes  brown. 
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Borax  and  S.  Ph.  dissolve  it  imperfectly,  giving  the  chroniium 
colors.     The  insoluble  portion  is  black. 

"With  soda  on  coal  it  fuses  with  effervescence  to  a  globule,  which 
when  cool  appears  green  and  yellow  in  spots.  On  platinum  foil 
gives  chromate  of  soda,  which  is  fluid,  and  an  undissolved,  dark-red 
mass. 

Rhodochrome  in  a  matrass  gives  water  and  becomes  grayish- white. 
In  the  forceps  fuses  only  on  the  extreme  edges  to  a  yellow  enamel. 

In  borax  it  dissolves  entirely,  but  leaves  in  S.  Ph.  a  silica  skeleton, 
coloring  the  beads  chrome-green. 

With  soda  fuses  to  an  opaque,  yellow  mass. 

Ouvarovite  {chrome  garnet),  from  Bisersk  in  Siberia,  gives  water 
in  a  matrass,  according  to  Berzelius,  and  becomes  opaque  and  dirty 
yellow ;  turns  green  again,  however,  when  cool. 

In  the  forceps  is  infusible,  but  appears  darker  and  brownish  on  the 
edges,  where  the  heat  was  the  strongest. 

In  borax  it  is  dissolved  very  slowly  indeed,  giving  a  chrome- 
green  glass.  In  S.  Ph.  also  very  slowly  dissolved.  The  glass  shows 
the  usual  colors  of  chromium ;  transparent  red  when  hot,  then 
opaque,  and  when  perfectly  cool,  clear  emerald-green. 

With  soda  on  coal  forms  a  gi'eenish-yellow  slag.  On  platinum 
foil  the  fluid  soda  is  colored  yellow  by  the  chromium. 

24.  Arsenic,  As. 

Its  occurrence  in  tlie  mineral  kingdom  and  in  metallurgical 

2)roducts. 

Arsenic  is  not  very  rare;  it  is  found  under  various  conditions, 
viz.: 

a.  Metallic  and  alone  in 

Native  arsenic, — As,  sometimes  containing  a  little  Fe,  Co,  Ni,  Sb, 

and  Ag; 
Arsenical  bismuth  (Arsenglanz),  consisting,  according  to  Kersten, 

of  97  As  and  3  Bi,  with  sometimes  S,  Fe,  and  Co. 
In  combination  with  other  metals,  viz. :  manganese,  iron,  cobaltj 
nickel,  copper,  and  antimony  {q.  v.). 

b.  Combined  with  sulphur  in 

If 

Eealgar, — As,  with  70.1  As ; 
III 

Orpiment, — As,  with  61  As  ; 

Dimorphite,  according  to  Scacchi,  perhaps  As'  S'  (Dana). 
In  combination  with  sulphur  and  other  metallic  sulphides,  includ- 
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mg  several  of  the  minerals  emimerated  under  iron,  cobalt,  nickel, 
copper,  silver,  and  antimony. 

c.  As  arsenous  ciQid  in 

Arseuolite, — Xs,  with  75.8  As;  claudetite  has  the  same  composition 
and  is  dimorphous  with  arsenolite  (Dana). 

d.  As  arsenic  acid  in  combination  with  bases,  viz. :  lime,  oxide  of 
iron,  protoxides  of  cobalt  and  nickel,  and  oxides  of  lead  and  copper 
{q.  v.). 

Since  many  arsenical  ores  and  minerals  are  worked  on  the  large 
scale,  either  alone,  or  with  other  ores,  for  the  metals  they  contain, 
and  since  arsenic  can  only  be  separated  with  great  difficulty  from 
certain  metals  by  roasting,  it  in  consequence  not  only  forms  a  chief 
constituent  of  the  actual  arsenical  products,  viz. :  tnetallic  arsenic, 
realgar,  orpiment,  and  ivliite  arsenic,  but  is  also  a  frequent  ingredient 
of  certain  other  products,  which  are  to  be  further  treated. 

The  latter  embrace  especially  the  products  already  mentioned 
under  iron,  cobalt,  nickel,  lead,  tin,  copper,  silver,  and  gold,  viz. : 

Rohstein,  lead  and  copper  matts,  cadmia,  alzng,  ahstrich,  and  leady 
coialt  and  nichel  speisses. 

Examination  for  Arsenic, 

Including  the  blowpipe  characteristics  of  the  minerals  belonging 

here. 

A  very  simple  test  generally  suffices  to  indicate  with  certainty 
small  quantities  of  arsenic,  even  in  compound  substances,  provided  it 
is  not  combined  with  nickel  or  cobalt,  or  as  acid  Avith  their  oxides,  in 
which  case  a  special  method  is  necessary. 

In  addition  to  its  volatility  when  heated  on  coal,  arsenic  has  the 
peculiarity  of  diffusing  a  striking,  garlic  odor,  and  coating  the  coal 
with  arsenous  acid,  p.  66  ;  it  may  also  be  sublimed  unaltered  in  the 
closed  tube,  collecting  in  a  crystalline  form  on  the  glass,  through 
which  it  shows  a  metallic  lustre,  p.  62.  The  acids  of  arsenic  can  be 
very  easily  reduced  to  metal  and  recognized  as  such,  as  will  be  seen 
from  the  methods  described  below;  arsenous  acid  is  also  volatile, 
p.  64. 

Native  arsenic  sublimes  in  the  closed  tube,  sometimes  leaving  a 
fixed  metallic  mass,  which  with  fluxes  on  coal  often  shows  iron, 
cobalt,  or  nickel.  Another  portion  of  this  mass  fused  on  coal  with 
enough  test  lead  and  borax  in  E.  F.  and  then  cupelled  on  bone-ash, 
frequently  leaves  a  silver  button. 

On  coal  behaves  like  pure  arsenic,  p.  66,  but  frequently  leaves  a 
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slight  residue  of  arsenic  combined  with  Fe,  Co,  Ni,  and  often  con- 
taining a  little  Ag. 

Arsenical  Msniidh  from  the  Palmbaum  mine,  near  Marienberg, 
Saxony,  yields  at  first  in  the  closed  tube  sulphide  of  arsenic,  then 
metallic  arsenic,  and  leaves  a  trifling,  dark-gray  residue,  showing 
with  the  fluxes  iron,  cobalt,  and  bismuth. 

Gently  heated  in  the  open  tube  evolves  sulphurous  and  arsenoua 
acids,  more  strongly  heated  yields  first  a  little  sulphide  of  arsenic 
and  then  metallic  arsenic.  Kindled  B.  B.  on  coal  it  continues  to 
burn  of  itself,  givijtig  oflf  gray  arsenical  fumes  and  becoming  sur- 
rounded with  crystalline  arsenous  acid. 

COMPOUNDS   OF    AESEIfIC   WITH   OTHER   METALS. 

Some  of  these  yield  a  sublimate  of  metallic  arsenic  in  the  closed 
tube;  others  do  Jioi,  vide  arsenides  under  iron,  cobalt,  nickel,  and 
copper.  Occasionally  a  little  arsenous  acid  is  formed  by  the  inclosed 
air.  In  the  open  tube  they  all  yield  arsenous  acid,  mingled  with 
oxide  of  antimony  in  case  the  compounds  contain  antimony.  The 
powder  will  yield  a  sublimate  when  a  fragment  of  the  substance  fails 
to  do  so. 

Most  of  the  metallic  arsenides  treated  on  coal  in  R.  F.  yield  part 
of  their  arsenic,  which  volatilizes  and  forms  a  coat  of  arsenous  acid. 
If  there  is  a  considerable  proportion  of  arsenic  present  the  assay 
evolves  copious,  grayish-white  fumes,  which  produce  the  garlic  odor 
of  the  suboxide,  and  thus  at  once  show  the  presence  of  arsenic ;  but 
if  the  amount  is  trifling  the  fumes  are  not  always  perceived,  and  the 
odor  seldom  during  the  blast.  In  this  case  the  glowing  assay  should 
be  held  under  the  nose,  in  order  that  the  odor  of  the  small  quantities 
of  escaping  arsenic  may  be  perceived.  When  but  little  arsenic  is 
combined  with  metals  from  which  it  is  separated  with  difficulty,  as 
cobalt  and  nickel,  the  compound  may  be  fused  in  0.  F.  with  test  lead 
on  coal,  and  the  presence  of  volatilizing  arsenic  ascertained  by  the  odor. 

Should  none  of  the  preceding  methods  suffice  to  detect  a  little 
arsenic  combined  with  a  metal,  or  in  a  metallic  compound,  the  fol- 
lowing process  will  serve  to  detect  it.  Brittle  metals  and  metallic 
compounds  which  can  be  pulverized  are  reduced  to  powder,  or  if 
malleable  they  are  reduced  by  filing,  and  about  fifty  to  seventy-five 
milligr.  are  then  mingled  in  the  agate  mortar  with  five  to  six 
volumes  of  nitre  and  ignited  in  the  platinum  spoon,  according  to 
p.  117,  with  the  aid  of  the  blowpipe  flame,  until  no  more  metallic 
particles  are  visible.  The  metals  oxidize  and  arsenic  acid  is  formed, 
which  combines  with  the  potassa,  while  nitrous  acid  is  liberated. 
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The  mass  in  the  spoon  is  now  digested  with  water  over  the  lamp- 
flame  in  a  porcelain  dish,  nntil  everything  is  removed  from  the 
spoon,  after  which  two  separate  methods  may  be  employed. 

By  the  first  the  clear  solution  is  poured  oflf  from  the  oxides  into  a 
little  porcelain  vessel,  p.  43,  acidified  with  hydrochloric  acid,  thirty 
to  fifty  milligr.  of  sulphate  of  magnesia  dissolved  in  it  with  the  aid 
of  heat,  an  excess  of  ammonia  added,  and  the  whole  heated  to  boil- 
ing. Arsenate  of  ammonia  and  magnesia  separates  and  settles 
quickly  when  the  vessel  is  removed  from  the  flame.  The  quite  clear 
fluid  is  decanted  from  the  precipitate,  which  is. washed  by  boiling  it 
with  strongly  ammoniacal  water,  again  allowed  to  settle,  and  freed 
by  decantation  from  the  fluid,  after  which  it  is  immediately  dried  in 
the  vessel.  The  dry  salt  is  mixed  in  the  mortar  with  three  volumes 
of  neutral  oxalate  of  potassa,  or,  according  to  Fresenius  and  von 
Babo,  with  six  volumes  of  a  mixture  of  cyanide  of  potassium  and 
soda  in  equal  parts,  and  then  treated  on  coal,  or  in  a  mati-ass  with  a 
narrow  neck.  In  the  former  case  it  is  fused  in  the  E.  F.  and  the 
volatilized  arsenic  detected  by  the  odor;  in  the  latter  case  it  is  at 
first  moderately  warmed  over  the  spirit-lamp  in  the  matrass  to  expel 
any  traces  of  moisture,  which  are  collected  by  an  inserted  roll  of 
blotting-paper,  after  which  the  mixture  is  heated  to  fusion.  The 
arsenic  acid  is  reduced  and  forms  a  sublimate  of  metallic  arsenic  in 
the  neck  of  the  matrass  at  a,  Fig.  75.  Should  the 
amount  of  arsenic  be  too  small  to  produce  a  dis- 
tinct mirror,  it  is  only  necessary  to  cut  off  the 
neck  just  above  the  sublimate  with  a  file  and  then 
to  hold  the  portion  of  the  matrass  on  which  the 
sublimate  is  situated  in  the  flame.  If  the  subli- 
mate consists  of  arsenic  it  will  volatilize  and  yield  pig.  75, 
the  arsenic  odor. 

The  second  method  consists  in  decanting  the  solution  of  arsenate, 
nitrite,  and  nitrate  of  potassa  from  the  residue  into  a  test  tube, 
adding  a  few  drops  of  suljihide  of  ammonium  and  agitating  the 
whole,  after  which  the  resulting  sulphide  of  arsenic  is  precipitated 
with  dilute  hydrochloric  acid.  The  flrad  is  boiled  to  facilitate  the 
separation  of  the  precipitate,  which  is  filtered  out,  thoroughly  dried, 
and  triturated  in  the  mortar  with  four  to  five  parts  of  dry,  neutral 
oxalate  of  potassa  and  some  charcoal  dust,  or  with  a  mixture  of 
cyanide  of  potassium  and  soda,  and  then  heated  to  redness  in  a  not 
too  narrow  glass  tube,  closed  at  one  end,  or  better  still,  in  a  narrow- 
necked  matrass,  Fig.  75. 

Sulphide  of  potassium  and  metallic  arsenic  are  produced  and  the 
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latter  forms  a  sublimate,  which  may  be  recognized  by  its  lustre  and 
crystalline  character,  or  if  only  in  trifling  quantity  may  be  volatil- 
ized and  detected  as  above.  ^ 

It  is  very  essential  in  snch  reduction  assays  that  the  mixture  to 
be  treated  shall  be  as  free  from  water  as  possible,  and  therefore  both 
the  substance  and  the  reducing  agent  should  be  thoroughly  dried. 

According  to  Vogel,  the  minutest  quantities  of  arsenic,  which  by 
the  usual  method  on  coal  produce  no  garlic  odor,  can  be  detected  by 
mixing  the  arsenical  substance  with  charcoal  dust  and  a  very  dilute 
solution  of  shellac  and  forming  from  this  paste  little  rolls,  which 
are  treated  like  cracking  coals.  The  glowing  coal  emits  the  same 
garlic  odor. 

SULPHIDE   OF   ARSENIC. 

Realgar  and  orpiment  treated  in  the  matrass  fuse,  boil  and  are 
sublimed ;  the  former  yields  a  sublimate  red  when  cold ;  the  latter 
a  dark  yellow,  and  both  sublimates  are  transparent.  Gently  heated 
in  the  open  tube  they  burn  and  yield  sulphurous  and  arsenous  acids. 
Too  strongly  heated  a  part  of  the  assay  is  liable  to  sublime 
unchanged.  On  coal  they  burn  with  a  whitish-yellow  flame  and 
grayish-white  fumes. 

Metallic  arsenic  may  be  obtained  from  sulphide  of  arsenic  in  two 
ways :  According  to  Berzelius,  the  sulphide  carefully  heated  in  the 
open  tube  is  decomposed  into  arsenous  and  sulphurous  acids,  the 
former  collecting  as  a  crystalline  sublimate.  The  tube  should  be  held 
inclined  and  heated  a  little  above  the  assay,  so  that  the  ascending 
fumes  may  pass  this  hottest  spot  and  be  perfectly  burned.  The  tube 
is  then  drawn  out  just  above  the  sublimate  with  the  aid  of  the  spirit- 
lamp,  and  the  arsenous  acid  then  driven  into  the  drawn-out  portion 
and  there  reduced  by  an  inserted  splinter  of  charcoal,  as  will  be 
described  in  detail  on  a  following  page. 

Another  very  simple  method  consists  in  mixing  the  sulphide  of 
arsenic,  or  the  sulphur  to  be  tested  for  arsenic,  in  the  mortar  with 
four  volumes  of  neutral  oxalate  of  potassa  and  a  little  charcoal 
powder,  or  with  six  volumes  of  the  mixture  of  cyanide  of  potassium 
and  soda,  and  gradually  heating  the  mixture  to  fusion  in  the  glass 
tube  or  matrass,  as  before  described  for  sulphide  of  arsenic,  ja.  347. 

When  the  amount  of  arsenic  appears  very  trifling  in  comparison 
with  the  sulphur,  it  is  as  well  to  remove  the  excess  of  the  latter  by 
subliming  it  at  a  gentle  heat  in  a  matrass,  and  then  to  break  up 
the  matrass  and  treat  the  pulverized  residue  by  reduction  in  a  nar- 
row-necked matrass. 
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SULPHO-ARSEI^-IDES. 

The  natural  snlpho-apsenides  yield  in  the  closed  tube,  according 
to  their  varying  composition,  partly  a  little  sulphide  of  arsenic  with 
much  metallic  arsenic,  partly  sulphide  of  arsenic  alone,  while  part 
yield  no  sublimate  whatever.  In  the  open  tube  they  all  yield  arsen- 
ous  and  sulphurous  acids.  The  metallurgical  products  containing 
compound  sulphides  and  arsenides  in  not  too  small  quantity  show 
the  same  behavior. 

On  coal  in  R.  F.  they  frequently  emit  a  distinct  arsenical  odor,  but 
sometimes  a  small  quantity  of  arsenic  cannot  always  be  thus  per- 
ceived, since  it  "either  volatilizes  in  combination  with  arsenic,  or  in 
the  presence  of  cobalt  or  nickel  is  not  volatilized  at  all.  Such  sub- 
stances, including  chiefly  many  metallurgical  products,  viz. :  Roli- 
stein,  lead  matt,  cadmia,  etc.,  may  be  powdered,  mixed  with  three  to 
four  parts  of  neutral  oxalate  of  potassa,  or  cyanide  of  potassium, 
and  fused  on  coal  in  R.  F.  Sulphur  is  thus  separated  as  sulphide  of 
potassium,  and  the  arsenic,  if  not  combined  Avith  cobalt  or  nickel, 
volatilizes  with  its  peculiar  odor. 

When  this  method  yields  no  satisfactory  result  a  certain  one  may 
be  obtained  by  the  process  for  metallic  compounds  containing  little 
arsenic,  p.  346,  et  seq. 

ARSENOLITE   (ARSEKOUS   ACID). 

In  the  matrass  sublimes  very  readily,  and  the  crystalline  subli- 
mate often  shows  distinct  octahedra  under  the  magnifier.  Accord- 
ing to  Berzelius  very  trifling  quantities  of  arsenous  acid  may  be 
reduced  to  metal  by  using  a  glass  tube  drawn  out  to  the  diameter  of 
a  coarse  knitting-needle  and  sealed  at  the  narrow  end.  The  arsen- 
ous. acid,  which  may  amount  to  less  than  one  milligr.,  is  placed  in  the 
drawn-out  part  at  a,  Fig.  76, 
and  over  it  is  inserted  a  splin- 
ter of  charcoal  reaching  from  «^  / 
c  to  b.  The  narrow  part,  cb,  is  ^i.^'-  "c. 
then  heated  in  the  spirit-lamp,  until  the  charcoal  glows,  when  the 
end  containing  the  acid  is  likewise  drawn  into  the  flame.  The  vapor 
of  arsenous  acid  passing  over  the  glowing  coal  is  reduced  and  a 
metallic  coat  of  arsenic  forms  in  the  colder  part  at  d.  Should  the 
amount  of  arsenous  acid  be  very  trifling  indeed,  only  a  black  film  of 
arsenic  will  be  produced  between  c  and  d,  but  by  gradually  bringing 
the  flame  nearer  and  nearer  to  this  it  may  be  driven  together  to  a 
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ring,  and  if  the  tube  is  cut  off  at  c  and  the  portion  d  held  in  the 
flame  the  arsenic  will  be  volatilized  and  afford  its  characteristic  odor. 

Heated  alone  on  coal  arsenous  acid  volatilizes  without  diffusing 
any  odor,  but  when  mixed  with  moist  oxalate  of  potassa  and  treated 
in  E.  F.  it  is  reduced  to  metallic  arsenic,  which  volatilizes  and  affords 
the  arsenic  odor. 

Oxide  of  antimony  (antimonous  acid),  destined  for  medicinal  and 
pharmaceutical  purposes,  must  be  tested  for  arsenous  acid,  and  if 
not  much  less  than  a  thousandth  part  is  present  it  will  afford  a  dis- 
tinct arsenical  odor,  when  the  oxide  of  antimony  is  treated  on  coal 
in  K.  F.  with  neutral  oxalate  of  potassa  or  cyanide  of  potassium. 
Should  this  test  give  no  decisive  result,  a  reduction  assay  must  be 
made  in  the  matrass,  with  oxalate  of  potassa,  or  a  mixture  of  cyanide 
of  potassium  and  soda.  Oxide  of  antimony  containing  less  than  a 
thousandth  part  of  arsenous  acid,  when  heated  to  redness  in  a  nar- 
row-necked matrass  with  three  volumes  of  the  neutral  oxalate  and 
one  of  charcoal  dust,  will  afford  a  very  distinct  metallic  mirror, 
which  on  further  treatment  in  the  spirit  flame  is  volatilized  with 
an  unmistakable  arsenic  odor. 

ARSEKIO  ACID. 

strongly  ignited  in  the  matrass  it  is  converted  into  arsenous  acid, 
which  sublimes,  and  oxygen  which  escapes.  On  coal  it  is.  reduced 
to  metal,  which  volatilizes  immediately  and  diffuses  a  strong  arsenic 
odor. 

COMPOUNDS   OF   THE   ACIDS   OF   ARSENIC    WITH    EARTHS   AND 

METALLIC    OXIDES. 

These  compounds  may  be  tested  for  arsenic  in  various  ways.  A 
few  arsenates  can  be  recognized  by  the  crystalline  arsenous  acid 
which  they  yield  in  the  matrass,  vide  arsenates  of  iron,  cobalt,  and 
nickel.  The  greater  number  are,  however,  recognized  by  the  light- 
blue  color  which  they  impart  to  the  flame  when  tested  in  the  forceps, 
provided  the  bases  themselves  do  not  color  the  flame  intensely, 
p.  76.  When  the  presence  of  arsenic  or  arsenous  acids  cannot  be 
detected  by  testing  the  salts  alone,  proper  reagents  must  be  em- 
ployed. 

A  very  simple  method  of  recognizing  arsenates  consists  in  mixing 
the  powder  with  soda,  or  better  still,  with  neutral  oxalate  of  potassa, 
or  cyanide  of  potassium,  and  treating  it  in  E.  F.  on  coal,  when  the 
odor  will  show  whether  metallic  arsenic  is  liberated  or  not.    This 
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test  is  not,  however,  sufficiently  decisive  in  all  cases,  especially  when 
the  acids  of  arsenic  are  combined  in  trifling  quantity  with  metallic 
oxides,  which  are  easily  reduced  and  then  form  fusible  compounds 
with  the  arsenic,  from  which  the  latter  can  only  be  separated  with 
difficulty.  Unless  much  arsenic  were  present  it  might  happen  that 
none  of  it  would  then  be  liberated.  In  such  cases  the  process 
described  for  detecting  small  quantities  of  arsenic  in  metallic 
compounds,  p.  346,  is  followed,  but  in  place  of  the  nitre  a  mixture  of 
equal  parts  of  nitre  and  soda  is  used  for  the  fusion. 

Arsenates  and  arsenites  of  bases  which  are  reduced  with  difficulty, 
or  when  easily  reducible  have  no  great  affinity  for  arsenic,  can  be 
tested  by  mixing  the  fine  powder  with  three  to  four  volumes  of 
neutral  oxalate  of  potassa,  or  a  mixture  of  cyanide  of  potassium 
and  soda,  and  fusing  it  in  a  matrass.  Eegard  must  be  had  to  all 
that  has  been  said  on  p.  347.  Quite  distinct  mirrors  are  obtained 
from  salts  of  the  earths,  or  oxide  of  silver ;  somewhat  less  distinct 
mirrors  from  salts  of  iron  or  copper. 

25.  Tellurium,  Te. 

Its  occurrence  in  the  mineral  Mngdom. 

Tellurium  usually  occurs  in  the  metallic  state ; 

a.  Alone  in 
Native  tellurium,  Te,  "which  is  seldom  free  from  other  metals,    as 
gold  and  iron. 

T).  Combined  with  other  metals : 
Melonite,— Ni'  Te" ; 
Altaite  and  nagyagite,  vide  lead ; 
Tetradymite,  vide  bismuth ; 
Hessite  and  petzite,  vide  silver 
Sylvanite  {milllerite),  vide  gold. 

Tellurite  {tellurous  acid), — 'Te,  is  said  to  accompany  native  tellurium 

occasionally. 
Montanite,  vide  bismuth. 

Examination  for  Tellurium. 

Native  tellurium  in  the  open  tube  fuses,  burns  with  a  bluish- 
green  flame,  and  emits  fumes.  The  fumes  collect  within  the  tube 
to  a  grayish-white  sublimate,  which  when  strongly  heated  is  con- 
verted entirely  into  tellurous  acid  and  fuses  to  clear,  transparent 
drops.     On  coal  it  behaves  as  stated  on  p.  66,  but.  the  volatilizing 
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tellniiiim  generally  leaves  a  sliglit  residue,  which  treated  with  borax 
and  a  little  test  lead  in  E.  F.  imparts  an  iron  color  to  the  glass,  and 
the  lead  yields  by  cupellation  a  small  gold  button. 

Compound  substances  may  be  tested  for  tellurium  both  in  the 
open  tube  and  on  coal.  The  behavior  of  the  above-named  com- 
pounds of  tellurium  with  other  metals  in  the  open  tube  is  given  in 
the  corresponding  places,  but  it  may  be  generally  remarked  that  in 
roasting  a  mineral  containing  tellurium  in  the  open  tube,  the  latter 
volatilizes  more  or  less  completely,  is  changed  to  tellurous  acid  and 
forms  white  fumes,  which  condense  rather  near  the  assay.  On  heat- 
ing the  tube  where  the  coat  is  thickest  with  the  blowpipe  flame,  the 
acid  fuses  to  clear,  colorless  drops,  most  distinctly  perceived  with 
the  magnifier.  It  should  not  be  heated  too  strongly  or  too  long, 
however,  as  tellurous  acid  does  not  withstand  the  heat  under  access 
of  air.  Should  much  lead  be  present  a  gray  sublimate  forms  near 
the  assay  and  a  white  one  further  from  it.  The  latter  fuses  to  color- 
less drops  with  a  moderate  heat  and  therefore  consists  of  tellurous 
acid,  Avhile  the  gray  sublimate  does  not  fuse  to  dro]3S,  but  is  altered 
to  a  half-fused,  grayish  film  on  the  glass.  According  to  Berzelius,  it 
is  tellurate  of  lead. 

When  bismuth  is  present  it  remains  behind,  and  the  tellurium 
sublimes  as  tellurous  acid.  On  continued  heating  the  remaining 
metal  oxidizes  on  the  surface,  and  is  surrounded  by  fusing,  brown 
oxide  of  bismuth. 

In  many  cases  the  examination  for  tellurium  may  also  be  advan- 
tageously conducted  in  the  closed  tube.  It  is  well  known  that  tel- 
lurium in  combination  with  potassium  or  sodium  forms  a  purple 
solution  in  boiling-hot  water,  and  thus  its  presence  can  be  detected. 
According  to  Berzelius,  it  is  therefore  only  necessary  to  triturate  the 
substance  with  soda  and  some  charcoal,  fuse  the  mixture  in  the 
closed  tube,  and  after  it  is  cold  to  drop  a  little  boiling  water  into  the 
tube.  After  a  time  this  assumes  a  more  or  less  intense  purple  color, 
from  the  dissolved  telluride  of  sodium. 

This  test  is  applicable  not  only  to  substances  containing  metallic 
tellurium,  but  also  to  the  acids  of  tellurium,  which  are  thus  reduced. 

According  to  von  Kobell,  the  natural  tellurium  compounds  when 
gently  heated  in  a  matrass  with  much  concentrated  sulphuric  acid, 
impart  to  it  a  purple  or  hyacinth-red  color,  which  disappears  on 
adding  water,  while  a  blackish-gray  precipitate  is  formed.  When  a 
mineral  containing  tellurium  is  treated  on  coal  it  generally  yields  a 
white,  tellurous  acid  coat,  with  a  reddish-yellow  border,  which  dis- 
appears  under   the  R.  F.,  imparting  to   the   flame   a  green,  or  in 
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presence  of  seleniitm  a  bluish-green,  tinge,  p.  66.  Should  the  horse- 
radish odor  be  also  perceived  this  is  a  certain  indication  of  selenium. 

If  the  mineral  contains  lead  or  bismuth  and  is  treated  alone  on 
coal  for  only  a  few  moments,  no  pure  tellurous  acid  coat  is  obtained, 
but  a  mixture  of  this  with  oxide  of  lead  or  bismuth  is  liable  to  be 
deposited.  This  difficulty  can  be  remedied  by  mixing  the  powdered 
assay  with  an  equal  volume  of  vitrified  boracic  acid  and  treating  it 
in  R.  F.  The  oxide  of  lead  or  bismuth  is  dissolved  in  the  boracic 
acid,  notwithstanding  the  reducing  flame,  and  yields  no  coat,  while 
the  tellurium  alone  volatilizes  and  coats  the  coal.  When  much 
selenium  is  also  present  a  portion  of  it  is  deposited  on  the  coal,  and 
then  the  tellurous  acid  coat  ig  less  distinct.  In  such  cases  the 
mineral  must  also  be  tested  in  the  open  tube. 

Melonite  in  the  open  tube  gives  a  sublimate  fusible  to  colorless 
drops,  and  leaves  a  gray  mass ;  on  coal  burns  with  a  bluish  flame, 
giving  a  white,  volatile  coating  and  a  greenish-gray  residue ;  in  E.  P. 
with  soda  a  gray  powder  of  magnetic,  metallic  nickel  (Dana). 


C.  Examination  for  Non-Metallic  Elements  and  Acids. 

1.  OxTGEN",  0,  AN"D  Hydrogen,  H,  iit  combkstation'  as 

Water, — H. 

Occurrence  of  water  in  the  mineral  Icing clom. 

It  forms  an  essential  constituent  of  most  natural  salts,  many  sili- 
cates, and  the  natural  hydrates,  but  also  occurs  only  as  an  accidental 
ingredient  of  many  minerals,  as  shown  by  their  respective  chemical 
composition,  already  given  in  various  places. 

Examination  for  Water. 

This  is  performed  very  simply  in  a  matrass,  p.  21,  Fig.  26,  Ay 
which  has  been  freed  from  moist  air  by  warming  and  drying  it, 
p.  21,  after  which  it  is  gradually  heated  in  the  spirit  flame.  If  the 
substance  contains  mechanically  combined  water,  or  is  a  salt  which 
contains  chemically  combined  water  and  is  itself  soluble  in  water, 
the  combined  water  will,  in  the  former  case  be  entirely  vaporized  by 
the  first  action  of  the  heat,  and  in  the  latter  case  partly.  The  vapor 
condenses  in  the  narrow,  cold  part  of  the  neck  to  drops,  which  are 
plainly  visible.  A  substance  which  is  not  soluble  in  water  seldom 
yields  its  chemically  combined  water  at  first,  but  when  the  matrass 
is  heated  to  redness  the  water  escapes  and  condenses  as  before.    To 
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obtain  a  distinct  water  reaction  from  silicates  confkining  little  water, 
they  must  be  powdered,  and,  if  necessary,  heated  with  the  blowpipe. 
Some  phenomena  which  may  occur  while  testing  for  water  have  been 
especially  noticed  on  pp.  60  and  61. 


2.  Nitrogen",  N,  and  Oxtgek,  0,  combined  as  Nitric 

Acid, — IsT. 
This  acid  occurs  with  potassa  in  nitre,  vide  potassa ;  with  soda  in 
8oda  nitre,  vide  soda ;  and  with  lime  in  nitrocalcite,  vide  lime. 

Szamination  for  Nitric  Acid, 

Including  the  Uotopipe  characteristics  of  nitrates  in  general. 

Nitrates,  part  of  which  fuse  in  the  matrass  when  heated,  are 
thereby  decomposed  more  or  less  readily.  When  the  acid  is  com- 
bined with  strong  bases,  oxygen  alone  is  at  first  liberated,  but  in  so 
small  quantities  that  it  cannot  be  recognized  by  means  of  a  glowing 
splinter;  nitrites  remain,  which  are  perfectly  decomposed  only  by  a 
yery  strong  heat.  Nitrate  of  ammonia  fuses  very  easily  and  is 
decomposed,  with  ebullition,  into  water,  and  protoxide  of  nitrogen ; 
if  heated  too  quickly  or  strongly,  or  in  a  matrass  with  a  narrow 
neck,  an  explosion  is  liable  to  occur.  Salts  with  weaker  bases  evolve 
at  a  moderate  heat  oxygen  and  nitrous  acid,  the  latter  being  recog- 
nized by  its  yellow  color  and  its  odor. 

When  nitrates  of  the  fixed  alkalies,  or  alkaline  earths,  are  so 
strongly  heated  on  coal,  that  the  coal  in  contact  with  them  glows, 
they  deflagrate  violently  and  are  converted  into  carbonates.  Other 
nitrates  deflagrate  less  vividly  and  leave  their  bases  as  earths,  metal- 
lic oxides,  or,  in  case  the  latter  are  easily  reduced,  as  metals,  which 
if  volatile  pass  off  partly  or  entirely  in  fumes,  and  coat  the  coal. 

A  small  amount  of  a  nitrate  present  in  another  salt  or  substance 
can  be  readily  detected,  by  heating  it  with  rather  more  than  its 
volume  of  bisulphate  of  potassa  in  the  closed  tube  or  matrass.  The 
tube  is  then  filled  with  gaseous  nitrous  acid,  the  yellow  color  of 
which  may  be  most  clearly  seen  by  looking  down  through  the  tube. 
Should  there  be  so  little  nitrate  present  that  this  color  cannot  be 
plainly  seen,  the  minutest  quantities  may,  according  to  Stein  {Polyt. 
CentralU.,  1859,  No.  23,  p.  1624),  be  detected  by  heating  the  assay 
with  litharge,  which  at  first  absorbs  the  nitric  acid,  but  yields  it  up 
at  a  higher  temperature. 

A  slip  of  filter  paper  which  has  been  immersed  in  a  solution  of 
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protosnlpliate  of  iron,  free  from  sesquioxide  and  acidulated  with 
some  sulphuric  acid,  is  inserted  into  the  neck  of  the  tube,  and,  if 
nitrous  acid  is  present,  will  assume  a  yellowish  to  brown  color.  In 
this  way  the  nitric  acid  in  a  mixture  of  1  part  of  nitre  with  1000 
parts  of  sulphate  of  soda,  containing  only  0.0005  nitric  acid,  can  be 
distinctly  shown.  The  paper  quickly  loses  its  color  if  too  strongly 
heated,  and  therefore  the  tube  or  matrass  should  be  rather  long,* 
Nitre,  soda  nitre,  and  nitrocalcite  are  immediately  recognized  as 
nitrates  by  the  above  tests,  and  their  bases  may  be  distinguished  by 
the  color  they  impart  to  the  flame. 

3.  Carbon,  C,  and  Carbonic  Acid,  C. 

Occurrence  of  carhon  and  carhonic  acid  in  the  mineral  Tcingdom  and 

in  metallurgical  products. 

Carbon  occurs  in  nature 
a.  Alone  in 
Diamond,  C; 
Anthracite,  C,  which  leaves  on  combustion,  however,  more  or  less 

ash,  consisting  of  Si,  Al,  and  i^e  ; 
Native  coke.     Some  varieties  afford  bitumen. — Dana. 
Graphite,  C,  usually  containing  Fe,  Si,  Ca,  :^,  and  fl ;  sometimes 

also  Cr ; 
Black-band  from  "Westphalia  and  England  consists  essentially  of 

i^e  C,  with  a  little  (Ca,  iJlg)  C,  Ca  S",  Si,  Al,  ^e,  and  fl,  with  12 

to  35  coal ;  • 

Pyrorthite,  vide  cerium ; 
Slate,  vide  potassa. 

h.  Combined  with  hydrogen  in 
Idrialite, — C  H",  with  94.8  C  and  5.2  H,  mixed  with  cinnabar  and 

earthy  substances  in  injiammahle  cinnabar  {QuecTcsilberhranderz) 

from  Idria; 
Kcenlite,— C»  H,  with  92.3  C  and  7.7  H ; 
Fichtelite,  tecoretin,  hartite,   branchite,  compounds   corresponding 

more  or  I'^ss  closely  to  C  H*,  with  88.2  C  and  11.8  H; 
Petroleum  (naphtha,  mineral  oil),  from  various  localities, — C  H  or 

C«  W,  with  85.7  to  87.8  C  and  12.2  to  14.3  H ; 

♦  If  the  litharge  contains  peroxide  of  lead  and  there  are  metallic  chlorides  present, 
hydrochloric  acid  or  chlorine  are  evolved  by  the  heat  and  these  also  color  the  paper. 
The  presence  of  the  peroxide  is  detected  by  heating  the  litharjre  with  salt  and  bisul- 
phate  of  potassA,  when  chlorine  is  liberated  and  can  be  recognized  by  its  odor  or  by 
its  bleaching  effect  on  indigo  paper. 
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Ozocerite,  paraffin,  hatchettite,  neft-gil,  probably  0  H ; 
Scheererite,  perhaps  C  H*,  with  75  C  and  35  H ; 
Elaterite,  essentially  CH'. 

Dana  enumerates  further,  under  simple  hydrocarbons  : — Chrisma- 
tite,  pittolium,  urpethite,  hatchettite,  zietrisikite,  and  naphth^lin. 

c.  Combined  with  liydrogen  2x^(i  oxygen  in 
Asphaltum, — C,  H,  0,  in  varying  proportions ; 

Eetinite  {Erdharz),  which  name  is  properly  used  to  designate  the 
mineral  resins  of  brown  coal;  here  may  be  included  krantzite, 
— G"  H*  0  ;  walchowite, — C"  H'  0  ;  pyroretin,  of  similar  com- 
position ;  piauzite;  anthracoxene ; 

Middletonite,— C'°  H"  0,  with  86.3  0,  7.91  H,  5.76  0  ; 

Scleretinite,— C"  H'  0,  with  80  0,  9.3  H,  10.7  0 ; 

Dopplerite,— C*  H^  0^  with  51.6  C,  5.3  H,  43  0; 

Amber  {succinite), — C,  H,  0 ;  amber  consists  of  succinic  acid,  an 
ethereal  oil,  two  resins,  soluble  in  alcohol  and  ether,  and  an 
insoluble  substance,  the  succinite  proper,  which  forms  the  chief 
constituent ;  according  to  Schrotter  the  whole  mass  may  be 
expressedby  C^H^O; 

Bituminous  coal, — C,  H,  0,  in  variable  proportions,  with  carbon 
predominating  (74  to  96  per  cent.) ;  oxygen  =  3  to  20  per  cent.; 
hydrogen  =  0.5  to  5.5  per  cent.,  and  very  little  nitrogen  :  further 
impurities  (1  to  30  per  cent.)  arising  from  earths,  metallic  oxides 
and  sulphides,  especially  iron  pyrites ; 

Brown  coal  and  lignite ;  composition  similar  to  the  preceding,  but 
more  oxygen  and  nitrogen  ; 

Dysodile,  according  to  Ehrenberg  a  polish ing%late  composed  of  infu- 
sorial shells  and  permeated  with  mineral  resin. 
Dana  further  enumerates,  under  oxygenated  liydrocarbons : — Geo- 

cerite,  geomyricite,  copalite,  ambrite,  bathvillite,  xyloretinite,  leuco- 

petrite,  euosmite,   rochlederite,    schlanite,    guyaquillite,    stanekite, 

tasmauite,  and  hircite. 

Under  acid  oxygenated   "hydrocarbons'. — Butyrellite,  geocerellite, 

bruecknerellite,  succinellite,  retinellite,  and  melauellite. 

d.  Combined  with  oxygen  as  carbonic  acid. 

Carbonic  acid  is  found  in  nature,  both  as  a  free  gas,  and  combined 
with  bases  in  many  minerals,  which  have  already  been  enumerated. 

Small  quantities  of  carbon  are  likewise  disseminated  throughout 
several  minerals,  either  free,  or  combined  with  hydrogen,  oxygen, 
or  nitrogen.  In  metallurgical  products  carbon  forms  an  essential 
constituent  of  raio  iron  and  steel,  while  other  products,  especially 
iron  bears,  frequently  contain  a  little  carbon,  vide  iron.  • 
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Examination  for  Carbon   and  Carbonic  Acid, 

Including  the  Uoiopipe  characteristics  of  the  minerals  helotiging 

here. 

Diamond. — The  experiments  of  Petzholdt  indicate  that  no  extraor- 
dinarily high  temperature  is  required  for  the  combustion  of  dia- 
mond, but  that  diamond  dust,  produced  by  rubbing  two  diamonds 
together,  may  be  burned  on  platinum  foil  over  the  spirit-lamp,  and 
it  is  said  to  glow  as  brightly  as  coal  dust  under  similar  treatment. 
A  small  diamond  placed  on  t^e  foil  is  said  to  be  likewise  entirely 
consumed  by  directing  the  blowpipe,  flame  down  upon  it,  while 
toward  the  end  it  glows  brightly.  A  very  high  temperature  is  neces- 
sary only  in  burning  larger  diamonds.  The  product  of  combustion 
is  carbonic  acid  gas. 

Anthracite  usually  yields  in  the  matrass  moisture,  but  no  empy- 
reumatic  oil;  it  is  not  combustible  in  the  candle-flame.  Heated  in 
the  platinum  spoon  with  the  0.  F.  it  burns  very  slowly,  without 
flame,  and  leaves  an  ash,  containing  more  or  less  iron. 

Graphite  sometimes  yields  considerable  water.  Heated  over  the 
spirit-lamp  in  the  platinum  spoon  it  is  unaltered  ;  in  the  forceps  in 
0.  F.  it  gradually  decreases  in  volume.  The  streak  produced  by  it 
on  fire-clay  and  ignited  in  the  0.  F.,  until  all  the  carbon  is  gone, 
frequently  becomes  red  from  oxide  of  iron.  The  powder  heated  to 
redness  with  nitre  in  the  platinum  spoon  deflagrates,  and  after  wash- 
ing away  the  salt,  now  chiefly  altered  to  carbonate  of  potassa,  earthy, 
and  metallic  admixtures  remain,  which  may  be  further  tested  as  for 
silicates,  p.  155. 

Black  band  from  Westphalia  yields  water,  and  a  feebly  bituminous 
odor  in  the  matrass.  B.  B.  on  coal,  burns  reddish -brown.  Acids 
liberate  carbonic  acid ;  when  boiled  with  aqua  regia  it  finally  leaves 
only  coal  and  a  trace  of  silica. 

Injlammahle  cinnabar  {^Quechsilbcrbranderz)  from  Idria,  contain- 
ing idriaUtc,  fuses  in  the  matrass  and  evolves  mercurial  and  sulphur- 
ous vapors  and  heavy  carburetted  hydrogen,  leaving  a  coaly,  porous 
residue.  B.  B.  on  a  clay  capsule  it  takes  fire  and  burns,  evolving 
smoke  and  sulphurous  acid,  and  leaving  a  brownish-red  ash. 

Kcenlite  fuses  at  114°  C.  and  is  decomposed  with  ebullition  at 
200°.    It  leaves  a  coaly  residue. 

Ozocerite  fuses  in  the  candle-flame  to  a  clear,  oily  fluid,  which 
solidifies  on  cooling.  At  a  higher  heat  it  burns  with  a  flame  and 
volatilizes,  sometimes  leaving  a  slight  coaly  residue. 
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Scheererite,  according  to  Strom eyer,  fuses  at  45°  C.  to  a  colorless 
fluid,  which  on  cooling  forms  a  radiated  mass.  Above  100°  it  vola- 
tilizes and  condenses  in  acicular  crystals.  It  burns  completely  with 
a  somewhat  sooty  flame  and  slight  odor. 

AsphaUum  fuses  very  easily  in  the  matrass,  evolving  an  empyreu- 
matic  oil,  a  little  ammoniacal  water,  and  combustible  gases,  and 
leaving  a  coaly  residue,  which  yields  by  combustion  on  a  clay  capsule 
an  ash,  consisting  chiefly  of  silica,  alumina,  and  sesquioxide  of  iron. 
It  burns  with  a  bright  flame  and  much  smoke. 

Retinite  from  Halle  fuses  in  the  matrass,  blackens,  and  yields  a 
brown,  thick  oil  and  acid  water.  It»burns  with  a  bright  flame  and 
much  smoke. 

Amber  fuses  with  some  difiiculty  in  the  matrass,  yields  water, 
empyreumatic  oil,  succinic  acid,  and  gases,  and  leaves  amber  resin 
(BernsteincolopJionmm). 

It  burns  with  a  bright  flame  and  a  peculiar  agreeable  odor. 

Bituminous  coal  heated  in  the  matrass  is  infusible,  close-burning 
coal;  ox  sinters  together,  open-burning  coal;  or  becomes  soft  and 
swells  up,  caking  coal.  It  evolves  in  all  cases  empyreumatic  pro- 
ducts and  combustible  gases,  often  including  sulphuretted  hydrogen. 
The  residue  is  coke,  having  a  more  or  less  metallic  lustre,  which 
takes  fire  with  difiiculty  in  the  air  and  behaves  like  anthracite. 

Held  in  the  candle-flame,  or  heated  B.  B.  on  the  clay  capsule,  it 
burns  with  a  luminous,  smoky  flame,  and  when  all  the  coal  is  con- 
sumed leaves  an  ash,  consisting  of  silica,  alumina,  lime  (gypsum), 
and  sesquioxide  of  iron. 

Broion  coal  is  infusible  in  the  matrass,  but  some  varieties  are 
somewhat  softened ;  on  further  heating  they  evolve  combustible 
gases,  acid  water,  empyreumatic  oils,  and  a  peculiar,  disagreeable 
odor.  •  There  is  a  large  residue,  which  tested  in  the  ojpen  air  behaves 
like  coal,  and  often  leaves  a  considerable  ash. 

It  burns  in  the  candle-flame,  or  on  the  clay  capsule,  with  a  smoky 
flame  and  disagreeable  odor. 

According  to  von  Kobell  bituminous  coals  and  aspJialtnm  boiled 
with  potassa  lye,  impart  to  it  only  a  feeble,  yellowish  color,  or  none 
at  all.  If  their  powder  is  boiled  with  ether  in  a  matrass,  or  closed 
tube,  which  is  placed  in  hot  water,  asphaltum  colors  it  wine,  or 
brownish-red,  but  the  coals  only  pale  yellowish,  or  not  at  all. 
Asphaltum  is  also  much  more  fusible  than  the  most  fusible  bitumin- 
ous coals,  and  melts  in  drops  in  the  candle  flame. 

The  brown  coals  are  readily  distinguished  by  the  brown  color  which 
they  impart  to  boiling  potassa  lye.    The  bituminous  coals  ignited  in 
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the  candle-flame,  or  before  the  blowpipe,  are  immediately  extin- 
guished when  removed  from  the  flame,  but  the  brown  coals  continue 
to  glow  for  some  time. 

Dysodile,  from  Gleimbach  near  Giessen,  bums  with  a  flame  and  a 
disagreeable  odor.  In  the  matrass  it  yields  water  and  a  yellow, 
empyreumatic  liquid.  B.  B.  it  scales  oS",  and  after  the  organic  por- 
tions are  destroyed  leaves  a  red  residue,  which  strongly  heated  fuses 
to  a  reddish-brown  slag,  that  scratches  glass  and  is  not  attacked  by 
acids,  but  yields  silica  with  potassa.  With  borax  and  S.  Ph.  it  shows 
iron  and  silica. 

In  minerals  and  other  substances,  excepting  metals  and  their  com- 
binations, which  contain  carbon,  or  compounds  of  carbon  and  hydro- 
gen with  a  trifling  admixture  of  oxygen  or  nitrogen,  the  carbon  can 
be  detected  by  ignition  with  antimonate  of  potassa,  p.  51.  The  fine 
powder  is  mixed  in  the  a^ate  mortar  with  two  to  three  volumes  of 
the  antimonate,  if*  consisting  chiefly  of  earthy  matters,  and  with  six 
to  eight  volumes  if  containing  metallic  sulphides,  and  then  heated 
to  redness  in  a  matrass  over  the  spirit-lamp.  The  carbon  is  oxidized 
at  the  expense  of  the  antimonic  acid,  forming  carbonic  acid,  which 
combines  with  the  liberated  potassa,  while  if  a  notable  amount  of 
carbon  or  sulphur  is  present,  a  little  oxide  of  antimony  volatilizes 
and  partly  condenses  in  the  neck.  When  the  substance  consists  of 
metallic  sulphides,  sulphate  of  potassa  and  a  little  sulphide  of  potas- 
sium are  formed.  When  cold  the  matrass  is  filled  nearly  to  the  neck 
with  water,  which  is  gradually  heated  to  boiling.  The  carbonate 
and  sulphate  of  potassa  dissolve,  with  part  of  the  undecomposed 
antimonate  of  potassa,  while  most  of  the  latter  remains  with  the 
earths  and  metallic  oxides. 

To  the  quite  warm  solution  a  few  drops  of  nitric  acid  are  added, 
which  causes  efi'ervescence,  more  or  less  lively  according  to  the 
amount  of  carbon  present.  Not  a  bubble  will  be  seen  to  ascend  if 
the  substance  contained  no  carbon,  but  several  will  be  perceived  if  a 
trifling  amount  of  carbon  was  present.  It  must  be  observed,  how- 
ever, that  the  solution  should  be  warm  enough  to  allow  the  carbonic 
acid  to  escape. 

Carbonates  vary  as  to  their  behavior  in  the  matrass.  When  com- 
bined with  earths  or  metallic  oxides  the  carbonic  acid  frequently 
escapes  below  a  red-heat,  while  many  of  the  oxides  become  more 
highly  oxidized,  like  protoxide  of  iron.  Carbonate  of  magnesia  is 
completely  decomposed  at  a  red-heat;  carbonate  of  lime  only  im- 
perfectly, but  it  can  be  entirely  decomposed  by  moistening  the  unde- 
composed salt  with  water  and  again  strongly  igniting  it.     Carbon- 
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ates  of  the  fixed  alkalies,  strontia  and  baryta,  alone  are  not  altered ; 
carbonate  of  ammonia  sublimes  unchanged. 

All  the  non -volatile  carbonates  are  decomposed  on  coal;  the  car- 
bonates of  the  alkalies  and  baryta  fuse,  sink  into  the  coal,  evolve 
carbonic  oxide,  and  react  very  strongly  alkaline  on  moistened  litmus 
paper.  Carbonates  of  the  alkalies  fuse  with  silica  on  platinum  wire, 
or  on  coal,  with  effervescence  to  a  clear,  colorless  glass ;  they  also 
yield  their  carbonic  acid  with  effervescence  when  fused  with  borax 
or  S.  Ph.,  as  do  also  the  other  carbonates. 

The  simplest  method  of  detecting  carbonic  acid  with  certainty  in 
any  substance  consists  in  pouring  a  little  dilute  nitric  acid  upon  it 
in  a  glass  vessel  and  observing  whether  any  effervescence  ensues ;  in 
case  sulphides  are  certainly  absent,  dilute  hydrochloric  acid  may  be 
used.  The  glass  should  be  slightly  heated  if  no  gas  is  otherwise 
evolved.  It  is  not  well  to  use  concentrated  acids,  since  many  car- 
bonates are  only  soluble  in  dilute  acids,  e' g.  witherite. 

Ezamination  for  Carbon  in  Metallurgical  Products. 

In  raw  iron,  steel,  and  tears,  the  carbon,  whether  chemically  com- 
bined, or  only  disseminated  as  graphite,  is  most  simply  found  by 
digesting  a  small  fragment  in  a  porcelain  dish,  with  about  six  times 
its  weight  of  fused  chloride  of  silver  and  some  water  acidulated  with 
a  few  drops  of  hydrochloric  acid,  leaving  the  whole  covered  with  a 
watch-glass,  until  all  the  iron  is  dissolved.  The  iron  is  converted 
into  protochloride,  the  carbon  remains  behind,  and  a  corresponding 
amount  of  silver  is  reduced.  The  carbon  generally  contains  earthy 
matters  and  may,  if  desired,  be  tested  with  antimonate  of  potassa, 
p.  359. 

Metallurgical  products  consisting  chiefly  of  metallic  sulphides 
may  also  be  tested  for  disseminated  coal  with  antimonate  of  potassa. 

4.  BoEOsr,  B,  AND  BoRACic  Acid,  R 
Occurrence  of  horacic  acid  in  the  mineral  hingdom. 

It  occurs  combined  with 

a.  Water  in 
Sassolite,— B  -}-  3  fl. 

h.  With  soda  in 
Borax,  vide  soda. 

c.  With  ammonia  in 
Larderellite,  vide  ammonia. 
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d.  With  earths  and  metallic  oxides  in 
Boracite,  vide  magnesia ; 
Ulexite, 


vide  lime ; 


Borocalcite, 
Hydroborocalcite, 
Hydroboracite, 
Sussexite,  vide  manganese. 

e.  In  silicates,  especially  in 
Datolite, 


►  vide  lime ; 


Botryolite, 

Axinite, 

Danburite, 

Tourmaline,  vide  magnesia. 


Examination  for  Boracic  Acid, 

Including  the  bloivpipe  characteristics  of  the  minerals  contaiimig  it, 

Sassolite  yields  in  the  matrass  water  and  a  little  ammonia. 

On  platinum  wire  or  coal  fuses,  with  intumescence,  to  a  clear 
glass,  and  tinges  the  flame  yellowish -green.  If  gypsum  is  present 
the  glass  becomes  cloudy  on  cooling. 

Borax  in  the  matrass  yields  much  water  and  puffs  up,  becoming 
black  in  the  hottest  parts,  from  charring  of  the  adherent  organic 
matters ;  a  burnt  odor  is  also  perceptible. 

B.  B.  fuses  with  intumescence  to  a  clear,  colorless  bead,  and  yields 
a  soda  flame.  The  reaction  of  boracic  acid  is  only  obtained  by  the 
special  test,  soon  to  be  described. 

Larderellite  yields  in  the  matrass  water  and  ammonia,  and  a 
Blight,  white  sublimate ;  at  a  higher  heat  it  fuses.  On  platinum 
wire  shows  pure  boracic  acid  reactions. 

All  the  borates  intumesce  more  or  less  when  heated,  and  then 
fase  to  a  bead.  The  bases,  if  volatile,  are  removed,  e.  g.,  ammonia 
and  oxide  of  mercury,  and  leave  pure  boracic  acid.  When  the  bases 
do  not  color  the  flame,  the  salt  affords  the  yellowish-green  boracic 
acid  flame.  When  no  such  flame  is  produced,  or  when  the  substance 
containing  the  boracic  acid  does  not  also  color  the  flame  green,  the 
acid  may  frequently  be  detected  by  using  sulphuric  acid,  p.  75. 

Turner  has  proposed  a  test  for  boracic  acid  in  salts  and  minerals 
as  follows : — The  fine  powder  is  mixed  to  a  paste  with  a  little  water 
and  one  part  of  a  flux,  consisting  of  four  and  one-half  parts  bisul- 
phate  of  potassa  and  one  part  finely-powdered  fluorspar,  perfectly  free 
from  boracic  acid,  p.  51.     It  is  then  fused  on  platinum  wire  within 


363  PLATTNEli'S   BLOWPIPE   ANALYSIS. 

the  blue  flame,  and  as  soon  as  the  water  is  expelled,  fluoboracic  acid 
is  formed,  which  is  volatilized  and  imparts  a  yellowish-green  tinge 
to  the  flame.  This  coloration  is  very  transient,  however,  and  must 
be  looked  for  with  great  attention,  if  little  boracic  acid  is  present. 
According  to  Merlet,  three  to  four  parts  of  the  flux  are  requisite  to 
obtain  a  sure  result. 


5.  SiLiciUM,  Si,  AKD  Silicic  Acid,  Si. 

The  occurrence  of  silicic  acid  in  the  mineral  Jcingdom  and  in 
metallurgical  products. 

Silicic  acid  occurs  very  frequently  in  nature,  partly  free,  partly 
combined  with  water,  and  partly  with  various  bases,  with  which  it 
forms  natural  silicates. 

a.  In  the  free  state  it  constitutes  quartz,  of  which  several  varieties 
are  distinguished : 
Eock  crystal,  smoky  quartz,  Si ; 
Amethyst,  Si,  with  a  very  little  ISTa,  Oa,  i^g,  |5e,  etc ; 
Ordinary  quartz.  Si,  with  very  little  ¥e,  Mn,  Al,  Ca,  etc. 

Among  the  varieties,  distinguished  by  color,  lustre,  or. structure, 
are: — Eose  quartz,  milky  quartz,  siderite  or  sapphire-quartz  (of 
indigo  or  Berlin-blue  color),  prase  (leek-green),  cat's  eye  (greenish- 
white  to  greenish-gray  and  olive-green,  also  red  and  brown),  aventu- 
rine  (yellow,  red  or  brown,  with  numerous  minute  scales  of  mica, 
or  small  fissures  in  difierent  directions),  fibrous  quartz,  in  parallel 
fibres,  aggregated  into  flattened  groups. 

Ferruginous  quartz,  Si,  mixed  with  red  or  yellow  oxide  of  iron ; 
Hornstone,  Si,  with  a  little  Oa,  Al,  and  Ee ; 
Lydian  stone  (touchstone),  Si,  with  Oa,  Al,  J?e,  an&  0 ; 
Jasper,  Si,  with  a  little  'A\  and  l?e ; 

Chalcedony,  carnelian,  onyx,  sardonyx,  heliotrope,  plasma.  Mocha- 
stone,  Si,  with  very  small  quantities  of  1S.,  !f^a,  iSlg,  Al,  and  l^e; 
Chrysoprase,  Si,  combined  with  a  little  Oa,  Al,  i^e,  and  ^\; 
Flint,  Si,  with  trifling  amounts  of  Oa,  Al,  ¥q,  'il,  and  organic  mat- 
ters ; 
Agate,  composed  of  several  varieties  of  quartz  intermixed,  viz. : — ■ 
amethyst,  chalcedony,  and  jasper. 
h.  Combined  with  water  silicic  acid  forms 
Opal,  essentially*  amorphous  silicic  acid  with  0.1   to   13  per  cent. 
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water,  and  frequently  containing  a  very  little  S,  l^a,  Ca,  liLg, 
Al,  ^e. 
It  includes 
Precious  opal,  fire-opal,  common  opal,  liydrophane,  semiopal,  hyalite, 
menilite,  cacholong,  jasp-opal  {Eiseii-Opal)  and  fiorite  (siliceous 
or  pearl  sinter). 
Finally  are  to  be  here  included: 
Float-stone  and  alumocalcite,  containing  alumina  and  lime,  Tripoli 
slate,  tripolite,  and  infusorial  earth. 
c.  In  combination  with  various  bases  silicic  acid  forms  a  great 
number  of  natural  silicates,  which  have  been  already  enumerated. 
It  is  also  a  chief  constituent  of  many  ores,  dressed  on  the  large  scale, 
and  of  most  slags,  while  minute  quantities  of  silicium  also  occur  in 
raw  iron,  steel,  and  certain  hears,  p.  221. 

Examination  for  Silicic  Acid, 

Including  the  general  Uoio2npe  characteristics  of  the  above-named 
minerals  and  metallurgical  products. 

The  minerals  enumerated  under  quartz,  a,  yield  in  the  matrass  no 
water,  or  only  traces.  B.  B.  they  are  quite  infusible.  Their  powder 
dissolves  slowly  in  borax  to  a  clear,  difficultly  fusible  glass,  Avhich 
while  hot  is  frequently  colored  by  the  metallic  oxides  present.  They 
are  scarcely  attacked  by  S.  Ph. ;  with  soda  they  fuse  with  efferves- 
cence to  a  clear  glass. 

The  minerals  enumerated  under  opal,  h,  yield  more  or  less  water 
in  the  matrass  and  lose  tlieir  lustre.  In  the  forceps  they  are  infusi- 
ble, and  if  quickly  heated  decrepitate.  With  the  fluxes  they  behave 
like  the  preceding. 

The  silicates,  both  natural  and  artificial,  can  be  recognized  by 
means  of  S.  Ph.  and  soda.  They  are  nearly  all  decomposed  by  S. 
Ph.,  the  bases  combining  with  the  free  phosphoric  acid  and  leaving 
the  silica  undissolved.  The  test  is  performed  on  platinum  wire  by 
first  fusing  the  S.  Ph.  to  a  bead  and  then  attaching  to  this,  while 
soft,  a  few  very  fine  splinters  of  the  silicate  and  treating  it  for  a  suf- 
ficient time  in  0.  F.  If  the  silicate  can  be  thus  decomposed  the  bases 
dissolve,  leaving  a  silica  skeleton,  which  floats  in  the  hot,  clear  bead. 
If  the  bases  yield  with  S.  Ph.  at  a  certain  saturation,  either  by  flam- 
ing, or  on  cooling,  a  milk-white  or  opalescent  bead,  e.  g.,  lime,  mag- 
nesia, glucina,  or  yttria,  the  bead  will  be  more  or  less  cloudy  ou 
cooling,  and  the  presence  of  separated  silica  must  be  ascertained 
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while  it  is  hot  Should  the  silitate  not  be  decomposed  thus,  it  must 
be  tested  in  powder,  when,  if  decomposable,  it  will  leave  a  gelatinous 
residue  of  silica.  Silicates  of  which  the  bases  are  chiefly  zirconia, 
cannot  be  perfectly  decomposed,  even  in  fine  powder,  and  their  silica 
is  best  found  as  described  under  zirconia,  p.  197. 

When  a  substance  contains  but  little  of  a  silicate,  or  only  some 
disseminated  quartz,  the  silica  will  be  dissolved  and  the  S.  Ph.  bead 
shows  no  signs  of  separated  silicic  acid,  but  it  may  be  detected  in  the 
wet  way,  by  proceeding  as  directed  for  silicates  under  lime,  mag- 
nesia, and  alumina.  The  silica  when  thus  separated  can  be  easily 
recognized  by  means  of  S.  Ph.  or  soda. 

With  soda  on  coal  and  on  platinum  wire  the  silicates  dissolve 
with  effervescence,  some  perfectly,  some  only  partially.  For  special 
descriptions,  vide  p.  87  et  seq. 

When  a  compound  of  oxidized  substances,  which  are  not  reducible 
by  soda,  contains  a  sufficient  amount  of  a  silicate,  a  slight  efferves- 
cence may  be  observed  when  testing  it  with  soda,  from  which  the 
presence  of  silicic  acid  may  be  inferred,  provided  the  substance  is 
free  from  other  acids  that  withstand  the  fire.  It  is,  however,  always 
safer  .to  employ  the  wet  way. 

The  silicium  in  raw  iron,  steel,  and  hears,  may  be  found  by  dissolv- 
ing the  product  in  nitric  acid,  or  decomposing  it  with  chloride  of 
silver,  p.  360,  when  silica,  carbon,  etc.,  remain  behind.  The  residue 
is  collected  on  a  filter,  incinerated  in  the  platinum  spoon,  and  the 
remaining  silica  tested  with  soda  on  coal. 


6.  Sulphur,  S,  an^d  Sulphuric  Acid,  S". 

Their  occurrence  in  the  mineral  kingdom  and  in  metallurgical 

products. 

Sulphur  occurs  in  nature : 

a.  As  native  Sulphur,  S,  frequently  rendered  impure  by  quartz, 
lime,  iron,  coal,  water,  etc. 

h.  Combined  with  many  metals. 
Sulphuric  acid  occurs  in  combination  with  alkalies,  earths,  and 

metallic  oxides. 
\11  the  minerals  containing  sulphur  or  sulphuric  acid  have  been 
mentioned. 

Among  metallurgical  products  sulphur  forms  a  chief  ingredient 
of  the  matts  (Steine  and  Leche),  which  have  already  been  enumer- 
ated under  the  respective  metals,  and  is  occasionally  an  accessory 
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ingredient  in  certain  raw  metals  and  compounds  of  metals,  which 
are  to  be  submitted  to  further  treatment,  as  in  raw  iron ;  also  in 
ce'rtain  slags. 

Sulphuric  acid  constitutes  a  chief  ingredient  of  artificial  sulphates 
(vitriols),  and  occurs  in  greater  or  less  quantity,  combined  with 
earths  and  metallic  oxides,  in  ores  roasted  on  the  large  scale,  which 
are  to  he  treated  for  their  metals,  or  the  production  of  alum,  or  sul- 
phate of  iron,  zinc,  or  copper. 

Examination  for  Sulphur  and  Sulphuric  Acid, 

hicluding  the  general  Uoivpijoe  characteristics  of  sulphates  and 

sulpJiites. 

Native  sulphur  fuses  very  easily  in  the  matrass  and  sublimes  with 
a  brownish  color,  but  becomes  yellow  again  on  cooling;  foreign 
ingredients,  if  non -volatile,  remain  behind.  Ignited  on  coal  it  burns 
with  a  bluish-flame,  evolving  sulphurous  acid,  which  is  recognized 
by  its  characteristic  pungent  odor. 

In  its  combination  with  metals  sulphur  can  be  detected  in  various 
ways : 

a.  In  certain  cases  by  heating  the  substance  strongly  in  the  closed 
tube,  p.  62.     Some  sulphides  containing  a  high  proportion  of  sul- 
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phur  yield  a  sublimate  ol"  the  latter,  e.  g.,  Fe,  ffe,  Mn,  Cu.  If  the 
sulphur  is  combined  with  volatile  metals,  as  mercury  or  arsenic,  it 
sublimes  in  combination  with  the  metal,  and  the  sublimate  may  be 
recognized  by  its  color,  vide  sulphide  of  arsenic,  pp.  62  and  348, 
and  cinnabar,  pp.  63  and  305.  When  the  sulphur  is  combined  with 
antimony  a  strong  heat  produces  the  sublimate  of  Sb  with  Sb, 
already  mentioned,  p.  62. 

h.  By  roasting  in  the  open  tube,  p.  63,  et  seq.  Although  a  tri- 
fling amount  of  sulphur  may  not  always  produce  the  odor  of  sul- 
phurous acid,  yet  the  latter  will  redden  an  inserted  strip  of  moist- 
ened blue  litmus  paper.  Substances  which  contain  only  a  small 
amount  of  metallic  sulphides  and  yield  no  sulphurous  acid  when  in 
fragments,  will  do  so  if  treated  in  the  powdered  state. 

c.  By  heating  the  substance  on  coal  in  0.  F.  If  there  is  but  little 
sulphur,  however,  the  odor  of  sulphurous  acid  will  not  always  be 
perceptible. 

d.  In  most  cases  even  a  very  little  sulphur  may  be  detected  by 
fusing  the  powdered  substance  with  two  parts  of  soda,  perfectly  free 
from  sulphate,  p.  46,  and  one  part  borax  on  coal  in  E.  F.,  provided 
no  selenium  is  present.  In  the  case  of  easily-fusible  metals,  which 
oontain  only  finely-disseminated  sulpihides  and  cannot  be  pulverized, 
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s.  g.,  raw  lead,  black  copper,  etc.,  a  fragment  the  size  of  a  mustard- 
seed  or  small  pepper-corn  is  used ;  in  case  of  metals  that  fuse  with 
difficulty,  as  raw  iron,  the  necessary  amount  must  be  obtained  by 
filing.  While  the  powdered  substance  is  fused  with  the  soda  and 
borax  in  E.  F.,  or  the  glass  treated  by  the  side  of  the  metal  for  some 
time,  sulphide  of  sodium  forms,  which  immediately  yields  a  sulphur 
reaction  when  the  fused  mass  is  removed  from  the  coal,  pulverized, 
placed  on  a  bright  sheet  of  silver  and  moistened  with  water.  Sul- 
phuretted hydrogen  is  evolved,  which  colors  the  silver  quite  black, 
with  sulphide  of  silver,  if  a  notable  amount  of  sulphur  is  present; 
but  if  less  is  present,  only  dark -brown  or  yellow.  The  resulting 
stain  may  be  readily  removed  by  rubbing  it  with  moistened  charcoal 
or  fine  bone  ash.  The  borax  acts  advantageously  by  preventing  the 
sulphide  of  sodium  from  sinking  into  the  coal  and  by  forming  with 
it  a  mass  which  is  readily  removed. 

Since  selenium  forms  selenide  of  sodium,  which  has  a  similar 
effect  on  silver,  the  substance  must  always  be  previously  tested  alone 
on  coal,  to  ascertain  whether  a  selenium  odor  is  perceptible.  Should 
selenium  and  sulphur  occur  together,  the  test  for  sulphur  must  be 
performed  in  the  open  tube  and  tlie  formation  of  sulphurous  acid 
ascertained  by  the  odor,  or  with  moistened  litmus  paper. 

The  sulpliates  behave  variously  in  the  matrass  and  on 
coal.  The  sulphates  of  alkalies,  alkaline  earths,  and  lead, 
are  not  at  all  decomposed  in  the  matrass.  An  mperfect  decomposi- 
tion ensues  with  the  salts  of  other  strong  bases,  viz.:  protoxides  of 
iron  and  onanganese  and  oxide  of  zinc;  the  heat  requisite  for  their 
complete  decomposition  cannot  be  produced.  The  salts  of  non-alka- 
line earths  and  the  weaker  metallic  bases  are  more  or  less  readily 
decomposed.  "When  the  salt  suffers  partial  decomposition  sulphurous 
acid  is  evolved  and  may  be  recognized  as  usual. 

On  coal,  especially  in  E.  P.,  the  sulphates  of  the  fixed  alkalies  and 
alkaline  earths  are  converted  into  sulphides,  with  an  alkaline  reac- 
tion, and  the  former,  after  sinking  into  the  coal,  are  partially  vola- 
tilized and  form  a  white  coat,  p.  69.  If  moistened  with  water,  or, 
better  still,  dilute  hydrochloric  acid,  these  sulphides  evolve  sulphu- 
retted hydrogen.  The  remaining  sulphates  evolve  sulphurous  acid 
and  leave  partly  earths  or  metallic  oxides,  partly  reguline  metals,  or 
metals  containing  sulphur,  provided  the  reduced  metal  is  not  vola- 
tile ;  if  it  is,  a  coat  of  oxide  is  deposited. 

The  sicl2)hites  are  all  decomposed  in  the  matrass,  leaving 

either  pure   oxide,  or  a  mixture   of  basic   sulphates  with 

Bulphides,  so  that  after  ignition  the  sulphites  of  the  alkalies  or  alka- 
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line  earths  evolve  sulphuretted  hydrogen,  if  moistened  with  dilute 
hydrochloric  acid.     On  coal  they  behave  like  the  sulphates. 

There  are  two  ways  of  detecting  sulphuric  or  sulphurous  acids  in 
sulphates  or  sulphites  and  in  other  salts  containing  small  quantities 
of  these  acids. 

a.  When  the  bases  of  the  salts  produce  no  coloration  in  the  glass 
fluxes,  sulphuric  acid  can  be  detected  by  forming  with  soda  and 
eilica  on  coal  in  R.  F.  a  bead,  which  is  perfectly  clear  and  colorless, 
and  then  fusing  this  bead  with  a  little  of  the  salt  in  E.  F.  and 
observing  the  color  of  the  cold  glass.  The  sulphuric  acid  is  reduced, 
forming  sulphide  of  sodium,  which  produces  a  yellow  to  dark-red 
color,  according  to  the  amount  of  sulphuric  acid  present.  Should 
the  bases  be  metallic  oxides  which  color  the  fluxes,  the  salt  must 
first  be  decomposed  by  mixing  it  with  once  or  twice  its  amount  of 
soda,  igniting  the  mixture  in  0.  F.  on  platinum  foil  or  wire,  dissolv- 
ing the  resulting  sulphate  of  soda  in  a  few  drops  of  water,  evapora- 
ting the  clear  solution  to  dryness  on  platinum  foil,  or  in  a  porcelain 
dish,  and  testing  the  salt  as  above  with  silicate  of  soda. 

l.  The  test  for  sulphuric  acid  may  be  performed  by  mixing  the 
salt  to  be  tested  with  soda,  or,  if  this  is  not  quite  free  from  sulphate 
of  soda,  with  neutral  oxalate  of  potassa,  fusing  it  in  K.  F.  on  coal, 
removing  the  fused  mass  from  the  coal,  into  which  part  of  it  will 
have  sunk,  and  moistening  it  on  silver  foil,  p.  88.  The  fused  mass 
may  also  be  covered  with  dilute  hydrochloric  acid  in  a  matrass, 
and  the  presence  of  sulphuretted  hydrogen  tested  by  insert- 
ing a  strip  of  filter  paper  moistened  with  solution  of  acetate  of 
lead  into  the  mouth  of  the  matrass.  If  sulphuretted  hydrogen  is 
evolved  it  will  form  sulphide  of  lead,  and  color  the  paper  black  or 
brown. 

Dana  has  proposed  the  following  test  for  sulphur  {Chem.  Gaz.., 
1851,  p.  459).  The  substance  is  fused  with  soda  in  R.  F.,  the  assay 
moistened  with  a  drop  of  water  in  a  watch-glass  and  a  bit  of  nitro- 
prusside  of  sodium,  as  large  as  a  pinhead,  added.  If  sulphur  in  any 
form  was  present  a  purple  color  will  be  produced,  to  which  Playfair 
first  called  attention.  It  is  well  to  add  some  starch  to  the  soda  when 
using  this  test  for  organic  substances,  viz. :  horn,  hair,  nails,  etc.  A 
bit  of  hair  four  inches  long,  wound  upon  platinum  wire  and  dipped 
in  the  mixture  of  starch  and  soda,  is  said  to  yield  an  unmistakable 
Bulphur  reaction. 

Molybdate  of  ammonia  is,  according  to  Schlossberger  {Cliem. 
Centralbl  VI.  160),  an  exceedingly  sensitive  reagent  for  sulphur.  A 
dilute  solution  of  it  supersaturated  with  hydrochloric  acid,  is  colored 
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fine  blue  by  very  small  quantities  of  sulphuretted  hydrogen  or  sul- 
phides dissolved  in  water. 

In  order  to  determine  whether  the  sulphur  in  a  mineral  is  present 
as  a  sulphide  or  sulphate,  von  Kobell  recommends  that  the  powdered 
substance  should  be  fused  with  potassa  in  the  platinum  spoon  before 
the  blowpipe.  The  spoon  with  its  contents  is  then  placed,  with  a 
strip  of  sheet  silver,  in  a  small  porcelain  vessel  and  covered  with 
water.  The  mass  dissolves,  and  after  some  time  the  silver  will 
either  become  black,  or  remain  bright.  In  the  former  case  the  sub- 
stance contains  a  sulphide,  e.  g.,  helvite,  etc.  ;  in  the  latter  case  a 
sulphate,  provided  the  presence  of  sulphur  has  been  already  ascer- 
tained by  the  test  with  soda  on  coal.  Naturally  the  substance  must 
be  perfectly  free  from  any  ingredient  which  could  have  a  reducing 
action.  ^ 

7.  Selenium,  Se. 

Its  occurrence  in  the  mineral  kingdom. 

Selenium  occurs  only  in  combination  with  metals :  in  clausthalite, 
tilkerodite,  zorgite,  and  lehrbachite,  vide  lead ;  berzelianite,  vide  ccfp- 
per ;  tiemannite,  vide  mercury ;  naumannite,  crookesite,  and  eucai- 
rite,  vide  silver.  It  sometimes  forms  an  unessential  ingredient  of 
tellurium  minerals,  and  certain  galenas,  pyrites,  and  phosphates  of 
copper. 

Examination  for   Selenium. 

The  test  for  selenium  is  so  simple  that  even  a  trace  of  it  can  be 
detected  in  any  substance. 

For  the  behavior  of  tiemannite,  vide  p.  305. 

Compounds  which  are  not  volatile  in  the  closed  tube  are  tested  as 
follows  for  selenium :  A  fragment  is  ignited  on  coal  in  0.  F.  and 
immediately  held  under  the  nose,  when  any  selenium  present  will 
yield  the  peculiar  horse-radish  odor  of  the  gaseous  oxide,  p.  66.  If 
the  substance  contains  much  selenium,  brown  fumes,  consisting  only 
of  finely-divided  selenium,  will  be  evident,  before  the  assay  begins  to 
glow ;  afterward  a  steel-gray,  metallic  coat  forms,  which  sometimes 
has  a  red  border. 

Selenium  may  also  be  separated  from  its  combinations  by  heating 
the  substance  in  the  open  tube,  p.  63,  inclining  it  so  that  the  other 
constituents  may  be  oxidized;  the  selenium  then  separates  and  con- 
denses in  the  tube  with  a  red  color.  If  there  is  much  selenium  the 
publimate  appears  rather  steel-gray  near  the  assay.    Occasionally 
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also  small  crystals  of  selenous  acid  are  deposited  beyond  the  red  sub- 
limate, but  they  volatilize  at  a  gentle  heat.  If  sulphur  is  likewise 
present  it  escapes  as  sulphurous  acid  and  is  thus  recognized.  "When 
a  trifling  amount  of  selenium  occurs  with  tellurium,  as  in  tetradym- 
ite,  and  the  assay  is  conducted  in  the  open  tube,  tellurous  acid  at  first 
collects  on  the  glass,  and  after  continued  heating  with  the  blowpipe 
this  appears  to  be  mingled  in  one  spot  with  a  red  substance,  which 
consists  of  selenium. 

Selenates  and  seUnites  are  reduced  in  the  E.  F.  on  coal  to  selenides, 
■which  emit  a  distinct  horse-radish  odor.  With  addition  of  soda  the 
reduction  is  more  rapid. 

8.  Phosphoeus,  P,  akd  Phosphoric  Acid,  P. 

Tlieir  occurrence  in  the  mineral  hingdom  and  in  metallurgical 

products. 

Phosphoric  acid  is  always  found  in  nature  in  combination  with 
bases,  and  occurs  as  an  essential  constituent  in  various  minerals, 
"which  have  been  enumerated  under  lithia,  lime,  magnesia,  alumina, 
yttria,  manganese,  iron,  lead,  uranium,  and  copper. 

The  slags  produced  in  smelting  silver,  lead,  or  copper  ores  con- 
taining phosphates,  always  hold  some  phosphoric  acid,  which  may  be 
combined  with  various  bases;  iron  refining-cinders  also  frequently 
contain  combinations  of  phosphoric  acid,  as  the  raw  iron  is  not 
always  free  from  phosphide  of  iron. 

Examination  for  Phosphorus  and  Phosphoric  Acid, 

Including  the  general  bloiV2n23e  characteristics  of  phosphates. 

The  examination  for  phosphorus  occurs  chiefly  in  case  of  raw 
iron.  A  fragment  of  the  iron  weighing  about  100  milligr.  is  dis- 
solved by  warming  it  with  nitric  acid,  which  converts  the  phosphorus 
into  phosphoric  acid  and  leaves  the  graphite  behind.  After  evapo- 
rating to  dryness  in  a  porcelain  dish,  the  dry  mass  is  strongly  heated, 
until  it  evolves  no  more  acid  vapors,  and  is  then  tested  for  phos- 
phoric acid,  vide  a  to  d,  below. 

Phosphates  are  not  decomposed  by  ignition  in  the  matrass,  but 
some  are  fusible.    In  the  forceps,  or  on  platinum  wire, 

Phosphates. 

most  of-  them  can  be  fused,  especially  the  acid  salts,  and 
they  color  the  flame  pale  bluish-green,  provided  the  bases  produce  no 
coloration.     On  coal   most  phosp^iates   can  also   be   fused  without 
decomposition,  since  the   combined  phosphoric  acid  is  either  not 
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reduced  at  all,  or  only  very  imperfectly.  The  most  evident  example 
of  this  is  neutral  phosphate  of  lead,  which  fuses  very  easily  to  a  bead 
on  coal,  but  scarcely  suflFers  any  decomposition  in  the  E.  F. ;  the  bead 
is  crystalline,  vide  p.  270  et  seq.  Upon  fusion  with  soda  on  plati- 
num wire,  or  in  the  platinum  spoon,  the  phosphates  yield  phosphate 
of  soda  and  the  bases  are  liberated. 

The  test  for  phosphoric  acid  may  be  variously  made: — 

a.  By  the  j)ale  bluish-green  color  imparted  to  the  flame,  p.  76. 

h.  When  the  substance  contains  more  than  four  to  five  per  cent,  it 
may  be  tested,  according  to  Berzelius,  by  dissolving  some  of  it  in 
vitrified  boracic  acid,  preferably  on  coal  in  0.  F.,  inserting  into  the 
fluid  glass  a  bit  of  fine  iron  wire,  rather  longer  than  the  diameter  of 
the  bead,  and  then  employing  a  strong  E.  F.  The  iron  oxidizes  at 
the  expense  of  the  phosphoric  acid,  producing  borate  of  iron  and 
phosphide  of  iron,  the  latter  fusing  by  a  strong  heat.  The  glass  at 
first  covers  the  wire,  but  reassumes  its  spherical  shape  when  the 
phosphide  fuses,  and  while  the  globule  is  cooling  a  glowing  may 
generally  be  observed  in  the  portion  attached  to  the  coal,  arising 
from  the  crystallization  of  the  phosphide  of  iron.  When  quite  cold 
the  glass  is  carefully  broken  between  paper  and  the  spherical,  metal- 
lic button  of  phosphide  of  iron  subjected  to  further  examination. 

It  should  be  magnetic  and  brittle,  and  its  fracture  should  show  an 
iron  color.  The  brittleuess  of  the  phosphide  depends  upon  the 
amount  of  phosphoric  acid  that  was  present.  If  the  substance  con- 
tained little  phosphoric  acid  the  button  may  even  be  somewhat  mal- 
leable and  withstand  rather  strong  blows  of  the  hammer  before 
breaking.  When  very  little  or  no  phosphoric  acid  was  present,  the 
wire  will  fall  from  the  broken  glass  bead  in  its  original  shape,  being 
only  burnt  on  the  ends  which  projected  from  the  bead. 

Should  the  substance  tested  for  phosphoric  acid  contain  other  con- 
stituents which  can  be  reduced  by  the  iron  and  melted  to  a  button 
with  the  excess  of  iron,  e.  g.,  sulphuric  and  arsenic  acids,  or  metallic 
oxides  reducible  by  iron,  their  radicals  will  be  obtained  in  combina- 
tion with  the  iron,  and  a  preliminary  test  for  such  bodies  must  be 
made. 

c.  Bun  sen  has  proposed  a  test  for  trifling  quantities  of  phosphoric 
acid,  which  consists  in  mixing  the  substance  with  two  to  three  times 
as  much  soda  and  transferring  the  thoroughly  dried  mixture  to  the 
drawn-out  portion  of  a  tube,  somewhat  larger  than  that  represented 
in  Fig.  76.  After  again  heating  the  mixture  so  as  to  remove  all 
moisture,  a  long  bit  of  sodium  is  inserted  into  it  and  the  mixture 
fused  with  the  blowpipe.    When  cold,  the  portion  of  the  tube  con- 
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taining  the  fused  mass  is  broken  off,  laid  in  a  porcelain  dish  and 
moistened  with  a  few  drops  of  water ;  if  phosphoric  acid  was  pres- 
ent the  well-known  odor  of  phosphuretted  hydrogen,  resembling 
decaying  fish,  will  be  evolved. 

d.  The  Avet  way  may  be  employed  to  detect  phosphoric  acid  in  its 
combinations,  and  cannot  be  dispensed  with  when  a  substance  con- 
tains so  little  phosphoric  acid  as  to  produce  no  reaction  by  the  flame 
test,  and  is  not  free  from  sulphuric  or  arsenic  acids.  Substances 
consisting  chiefly  of  earths  or  metallic  oxides  are  treated  by  tritu- 
rating forty  to  fifty  milligr.  in  fine  powder  vith  five  parts  by  volume 
of  a  previously  prepared  mixture  of  four  parts  by  weight  of  soda 
with  one  of  silica  (as  proposed  by  Berzelius  for  the  quantitative  sep- 
aration of  phosphoric  acid  from  alumina),  in  the  agate  mortar, 
transferring  it  to  a  soda-paper  cylinder,  p.  42,  and  fusing  it  in  0.  F. 
on  coal  to  a  clear  bead.  The  bead  is  pulverized  in  the  steel  mortar, 
or  between  paper,  and  boiled  in  a  small  porcelain  dish  with  a  suffi- 
cient quantity  of  water.  Phosphate  of  soda  and  the  excess  of  soda 
dissolve,  while  in  presence  of  alumina,  silicate  of  alumina  and 
soda,  with  other  earths  or  metallic  oxides,  remain  behind.  If  the 
substance  contained  little  or  no  alumina  and  no  sesquioxide  of  iron, 
a  notable  amount  of  silicic  acid  is  dissolved,  but  this  does  not  afiect 
the  determination  of  the  phosphoric  acid  in  the  liquid.  When  the 
solution  is  complete  the  dish  is  removed  from  the  flame,  and  after 
the  undissolved  parts  have  settled  the  liquid  is  either  filtered  or  care- 
fully decanted,  with  the  aid  of  a  glass  rod,  from  the  residue  into 
another  small  dish.  If  there  is  reason  to  suppose  that  much  silicate 
of  soda  has  been  dissolved,  it  is  well  to  boil  the  decanted  liquid  Avith 
addition  of  carbonate  of  ammonia,  when  the  silica  separates  in  a 
gelatinous  state.  After  filtering  this  out,  the  solution  is  supersat- 
urated with  acetic  acid  and  stirred  with  some  acetate  of  lead,  when, 
if  the  phosphoric  acid  amounts  to  several  per  cent.,  a  white  precipi- 
tate of  phosphate  of  lead  is  at  once  formed,  which  is  collected  on  a 
filter,  dried  and  fused  in  a  shallow  cavity  on  coal.  If  it  has  been 
well  washed  a  white  or  yellowish  globule,  with  a  crystalline  surface, 
is  obtained,  which  behaves  like  phosphate  of  lead,  p.  270,  et  seq.  It 
may  further  be  tested  with  boracic  acid  and  iron. 

When  the  precipitate  formed  by  acetate  of  lead  is  so  trifling  that 
it  cannot  be  removed  without  partially  destroying  the  filter,  which 
is  to  be  avoided,  as  it  would  then  be  rendered  impure  by  the  silica 
of  which  the  filter  ash  is  chiefly  composed,  a  drop  of  dilute  sul- 
phuric acid  must  be  added,  so  as  to  produce  a  mixture  of  sulphate 
and  phosphate  of  lead,  in  such  quantity  that  i*  maybe  readily  trans- 
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ferred  from  the  filter  to  the  coal.  When  this  is  fused  B.  B.  the  snl- 
pjiate  is  reduced  partly  to  sulphide  of  lead,  which  soon  volatilizes, 
and  partly  to  metallic  lead,  which  gradually  volatilizes  and  leaves 
small  globules  of  phosphate  of  lead,  that  can  be  recognized  with  the 
aid  of  the  magnifier,  by  reason  of  its  characteristic  qualities. 

When  the  amount  of  phosphoric  acid  is  supposed  to  be  very  small, 
a  larger  quantity  of  the  substance,  about  100  milligr.,  should  be  fused 
with  five  times  its  volume  of  the  mixture  of  soda  and  silica,  in  two 
or  three  portions,  and  the  fused  beads  then  treated  as  before.  This 
is  especially  necessary  with  many  iron  ores.  Any  arsenic  acid  pres- 
ent is  reduced  and  volatilized,  while  any  sulphuric  acid  forms  sul- 
phide of  sodium,  which  goes  into  solution  and  yields  sulphide  of 
lead,  since  it  is  not  decomposed  by  the  acetic  acid.  The  sulphide  of 
lead  does  no  harm,  however,  as  it  is  volatilized  on  the  coal  and  leaves 
the  phosphate  of  lead  alone. 

9,  Chloeine,  01. 

Its  occurrence  in  the  mineral  kingdom. 

Chlorine  is  always  found  in  nature  combined  with  other  elements. 
The  minerals  containing  it  as  an  essential  constituent  have  been 
enumerated  under  potassa,  soda,  ammonia,  lime,  iron,  lead,  copper, 
mercury,  and  silver. 

Examination  for  Chlorine, 

Including  the  general  hlotujjipe  characteristics  of  chlorides  and 

chlorates. 

Most  of  the  chlorides  are  fusible  in  the  matrass.  Those  free  from 
water  are  more  or  less  volatile ;  the  chlorides  of  the  alkalies,  alkaline 
earths,  manganese,  copper,  and  some  others,  are  not  decomposed; 
chlorides  of  gold  and  platinum  ai'e  reduced. 

On  platinum  wire  and  coal  the  chlorides,  even  those  which  with- 
stand the  heat  in  the  matrass,  are  more  or  less  reudily  decomposed 
into  oxides  and  hydrochloric  acid  by  the  vapor  of  water  in  the  blow- 
pipe flame,  or  are  reduced,  especially  on  coal.  Many  are  also  either 
entirely  or  only  partially  volatilized,  and  form  a  coat,  p.  69. 
^^,     ^  The  chlorates  fuse  very  easily  in  the  matrass,  and  when 

Chlorates.     ,i       ,  .  ^ 

the  base  is  an  alkali,  alkaline  earth,  or  other  strong  base, 
yield  oxygen  at  a  red-heat,  which  causes  a  glowing  splinter  to  burn 
when  introduced  into  the  mouth  of  the  matrass ;  after  strong  igni- 
tion, continued  for  a  sufficient  time,  pure  chlorides  remain.  Salts  of 
weaker  bases  evolve  oxygen  and  chlorine,  and  leave  basic  chlorides. 
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On  coal  the  chlorates  detonate  more  violently  than  the  nitrates  and 
leave  neutral  chlorides,  if  the  bases  are  powerful ;  the  feebler  bases 
remain  as  basic  chlorides. 

According  to  Berzelius,  chlorine  may  be  detected  in  its  compounds 
by  dissolving  oxide  of  copper  in  S.  Ph.  on  platinum  wire  with  the 
0.  ¥.,  until  the  glass  is  opaque,  and  then  causing  the  substance  under 
examination  to  adhere  to  the  soft  bead,  which  is  then  treated  with 
the  tip  of  the  blue  flame.  If  chlorine  is  present  the  bead  will  be 
surrounded  with  an  intense  azure-blue  flame  of  chloride  of  copper, 
which  volatilizes  so  long  as  chlorine  remains.  A  fresh  addition  of 
the  substance  will  reproduce  this  reaction.  Bromine,  p.  77,  is  the 
only  other  body  occurring  in  minerals  which  produces  a  similar  flame. 
By  this  simple  test  chlorine  can  be  detected  with  certainty  in  earths, 
oxides,  and  salts. 

When  the  substances  contain  little  chlorine,  or  in  case  of  com- 
pounds which  injure  the  platinum  when  heated,  a  little  of  the 
powder  is  mixed  with  one-third  its  volume  of  oxide  of  copper,  tritu- 
rated in  the  agate  mortar  with  a  little  water,  and  a  few  drops  of  the 
mixture  spread  upon  coal  with  the  pestle.  The  mass  is'  dried  B.  B., 
without  heating  it  to  redness,  and  then  the  blue  flame  is -directed 
immediately  upon  it,  when  the  azure-blue  flame  of  chloride  of  cop- 
per appears  as  before.  The  flame  is  at  first  rather  greenish-blue,  but 
soon  becomes  azure-blue.  When  the  compound  contains  no  chlorine 
there  will  be  no  perceptible  coloration.  Chlorides  like  chloride  of 
silver,  which  cannot  be  powdered,  must  be  beaten  as  thin  as  possible 
between  paper,  cut  up  with  the  scissors,  and  treated  on  coal  with 
water  and  oxide  of  copper  as  above. 

Another  method  proposed  by  Berzelius  for  detecting  chlorine  in 
chlorides  soluble  in  water,  consists  in  placing  some  protosulphate  of 
iron,  or  sulphate  of  copper,  on  a  bright  sheet  of  silver,  moistening  it 
with  a  few  drops  of  water,  and  laying  the  chloride  upon  it,  when  the 
silver  will,  after  a  time,  assume  a  black  color,  resembling  bronzed 
ware.  According  to  Merlet,  the  same  test  may  be  applied  to  insolu- 
ble chlorides,  after  first  fusing  them  on  platinum  wire  with  a  little 
soda,  so  as  to  form  soluble  chloride  of  sodium.  The  absence  of 
bromine,  which  produces  similar  reactions,  must  previously  be  ascer 
tained. 
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10.  Bromtke,   Br. 
Its  occurrence  in  the  mineral  kingdam. 

Bromine  has  thus  far  been  found  in  minerals  only  combined  with 
eilver,  in  hromyrite  and  emholite,  vide  silver. 

It  also  occurs  in  exceedingly  minute  quantities  as  'bromide  of 
sodium  or  magnesium,  in  certain  salt  springs. 


Examination  for  Bromine 


Including  the  general  blowpipe  characteristics  of  the  bromides  and 

bromates. 

Bromides  and  bromates  behave  like  the  corresponding  chlorides 
and  chlorates  in  the  matrass.  On  coal  the  bromates  detonate  with 
some  violence  and  leave  neutral,  or,  in  case  of  weaker  bases,  basic 
bromides.  Bromides  of  potassium  and  sodium  give  a  white  coat  on 
coal,  p.  69. 

Many  bromides  are  either  volatilized  or  decomposed  on  platinum 
wire,  or  -on  coal,  and  diffuse  an  offensive  odor,  similar  to  chlorine. 
According  to  Berzelius,  they  afford  with  S.  Ph.  and  oxide  of  copper, 
or  with  sulphate  of  copper  on  silver,  the  same  reactions  as  the 
chlorides ;  the  flame  has  not  a  pure  azure-bliie  color,  however,  but 
inclines  to  green,  especially  on  the  edges,  p.  77.  When  all  the 
bromine  is  gone  the  green  flame  of  the  oxide  of  copper  alone 
remains. 

To  distinguish  bromides  from  chlorides  with  certainty,  Berzelius 
has  proposed  to  fuse  them  in  the  matrass  with  bisulphate  of  potassa, 
when  bromine  and  sulphurous  acid  are  liberated  and  the  matrass  is 
filled  with  reddish-yellow  vapors  of  bromine,  which  can  be  recog- 
nized by  the  similarity  of  their  odor  to  that  of  chlorine,  notwith- 
standing the  sulphurous  acid.  Bromide  of  silver  forms  an  exception, 
as  it  yields  very  little  bromine,  but  it  may  be  distinguished  from 
cliloride  of  silver  by  the  asparagus-green  color  which  it  assumes 
when  exposed  to  the  sunlight,  after  fusion  with  the  bisulphate  of 
potassa,  p.  314. 

When  very  little  bromine  is  present  the  matrass  should  be  held 
vertically,  after  the  fusion,  so  that  by  looking  down  through  it  a 
thicker  stratum  of  the  vapors  may' be  observed  than  could  be  seen 
by  looking  sideways  through  the  wide  part.  Chlorine,  if  present, 
is  also  liberated  in  the  gaseous  state,  but  its  yellow  color  will  scarcely 
be  perceptible,  if  little  is  evolved.    When  iodine  is  also  present  the 
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reaction  becomes,  indeed,  uncertain,  on  account  of  the  violet  iodine 
vapors. 

To  detect  bromine  in  brine,  e.  g.,  the  mother-lye  from  salines, 
Balard  has  proposed  to  pass  a  current  of  chlorine  through  the  lye, 
and  then  add  some  ether  to  it  and  agitate  the  whole  thoroughly.  On 
allowing  it  to  rest  the  ether  separates  and  is  colored  hyacinth-red  by 
the  dissolved  bromine.  This  ether  on  being  shaken  up  with  a  solu- 
tion of  caustic  potassa  loses  its  color,  and  the  bromine  combines  with 
the  potassa,  so  that  after  evaporating  to  dryness  the  salt  can  be 
tested  for  bromine  by  means  of  bisulphate  of  potassa.  Heine  has 
employed  chlorine  water  in  place  of  the  gas,  to  separate  bromine 
from  its  combinations  in  saline  waters,  etc.* 

11.  Iodine,  I. 
Its  occurrence  in  the  mineral  kingdom. 

Iodine  occurs-  in  the  rare  minerals  iodyrite,  vide  silver,  and 
schiuartzemiergite,  vide  lead. 

It  also  occurs  with  sodium  and  magnesium  in  mineral  waters, 
especially  such  as  contain  chloride  of  sodium. 

Examination  for  Iodine, 

Including  the  general  Uowpipe  characteristics  of  the  iodides  and 

iodates. 

Most  iodides  can  be  fused,  but  not  readily  volatilized,  in  the  mat- 
rass. In  presence  of  water,  or  an  iodate  of  a  weak  base,  vapors  of 
iodine  occasionally  result. 

The  iodates  are  easily  decomposed.  In  the  matrass  the  salts  of 
the  alkalies  and  alkaline  earths  evolve  oxygen  and  leave  slightly 
alkaline  iodides.  The  other  iodates  at  the  same  time  evolve  violet 
iodine  vapors  and  leave  basic  iodides,  or  only  oxides.  On  coal  the 
iodates  deflagrate  slightly  and  leave  either  iodides,  or,  in  case  of 
weaker  bases,  residues  free  from  iodine.  Many  iodides  behave  like 
the  corresponding  bromides,  p.  374,  when  treated  on  platinum  wire 
or  coal. 

According  to  Berzelius,  iodides  tested  with  a  bead  of  S.  Ph.  con- 
taining oxide  of  copper,  produce  an  intense  green  flame,  p.  75. 

*  "  Chemische  Untersuch.  d.  Soolcn,  Salze,  Gradir-u.  Siede-Abfiille  von  sammtl. 
Balincn  d.  Provinz  Sachscn."  Berlin,  1845.  (Printed  from  Karsten's  und  V 
Dechen's  Archiv.  Bd.  XIX.)  S.  355. 
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When  iodides  are  fused  in  the  matrass  with  bisulphate  of  potassa, 
the  iodine  is  partly  subhmed  and  partly  fills  the  matrass  with  violet 
vapors,  while  sulphurous  acid  is  simultaneously  evolved.  The  test 
is  so  delicate  that  small  quantities  of  iodine  may  be  detected  in  salts, 
etc.,  but  iodide  of  silver  is  only  partially  decomposed ;  violet  vapors 
are,  indeed,  liberated,  but  most  of  the  iodide  of  silver  collects 
beneath  the  fused  acid  salt  to  a  drop,  which  retains  its  yellow  color 
in  the  sunlight,  p.  315. 

To  detect  a  little  iodine  in  saline  waters,  which  have  been  nearly 
freed  from  chloride  of  sodium  by  evaporation,  a  solution  of  starch  in 
boiling  water  is  usually  employed,  with  chlorine  water,  by  which  an 
insoluble  compound,  having  a  very  fine  blue  color,  is  formed.  Heine 
has  substituted  nitric  acid  for  chlorine  water  with  better  success,  and 
proceeds  thus :  The  solution  of  starch  in  hot  water  is  stirred  into  the 
neutral  solution  to  be  tested  for  iodine,  a  few  drops  of  nitric  acid  are 
added,  and  the  whole  again  stirred.  A  very  trifling  quantity  of 
iodine  produces  an  intense  blue  color. 

Stein  [Pol.  Centralbl.,  1858,  p.  143)  has  proposed  the  following 
method  for  detecting  very  small  quantities  of  iodine  in  nitric  acid 
and  in  Chili  saltpetre.  A  suitable  quantity  of  the  acid  under  exam- 
ination is  put  into  a  test  tube  and  a  tin  rod  immersed  in  it,  until 
red  vapors  are  distinctly  visible,  after  which  the  tin  is  withdrawn,  a 
little  bisulphide  of  carbon  added,  and  the  whole,  after  thorough 
shaking,  allowed  to  stand  a  few  moments.  The  stratum  of  bisul- 
phide usually  collecting  above  the  acid  only  has  a  red  color,  unless 
there  is  too  small  an  amount  of  iodine.  With  traces  of  iodine  the 
stratum  may  have  only  a  dark  yellow  color,  but  this  turns  to  a  red 
when  the  bisulphide  is  drawn  oif  and  a  portion  of  it  evaporated  by 
blowing  upon  it  in  a  porcelain  dish. 

A  method  of  detecting  iodine  by  the  dry  way  has  been  proposed 
by  Pasquale  la  Cava  (Berzelius  Jahresber.  1846,  S.  374),  which  is 
said  to  be  much  more  certain  and  sensitive  than  the  wet  process 
with  starch.  The  mass  suspected  of  containing  iodine  is  mixed  with 
a  little  air-slaked  lime  and  the  mixture  dried.  According  to  Ber- 
zelius a  mixture  of  carbonate  of  lime  and  quicklime,  free  from 
water,  would  be  more  convenient.  The  result  of  the  test  depends 
upon  the  complete  absence  of  water.  After  very  intimately  mixing 
the  mass  with  a  little  protochloride  of  mercury,  it  is  transferred  to 
the  closed  tube,  which  is  then  drawn  out  to  a  fine  tube  a  little  above 
the  mass.  Upon  heating  the  mass  to  redness  iodide  of  mercury  sub- 
limes into  the  narrow  part,  where  it  may  easily  be  recognized  by  its 
color,  generally  yellow  at  first,  but  afterward  red.    Lime  decom- 
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poses  the  protocliloride  but  not  the  iodide  of  mercury,  which  sub- 
limes. 

Spring  waters  containing  chlorides  of  calcium  and  magnesium 
afford  by  evaporation  a  fluid  residue,  and  some  alkaline  carbonate 
must  first  be  added  to  them,  in  sufficient  quantity  to  separate  the 
earths,  so  that  a  perfectly  dry  residue  may  be  obtained. 

12.  Fluokine,  F. 

Its  occurrence  in  the  mineral  kingdom  and  in  metallurgical 

2)roducts. 

Fluorine  always  occurs  in  combination  with  other  bodies.  It 
forms  an  essential  constituent  of  the  following  minerals:  Cryolite 
.and  chiolite,  vide  soda;  amblygonite,  vide  lithia;  fluorite  and  yttro- 
cerite,  vuZe  lime;  wagnerite  and  chondrodite,  fic?e  magnesia;  topaz 
(pycnite),  vide  alumina;  fluocerite  and  parisite,  vide  CQviwm..  It  like- 
wise occurs  as  an  unessential  ingredient  in  several  other  minerals, 
viz. :  certain  micas,  vide  potassa ;  certain  apatites,  pyrochlore  and 
holmite  (seybertite),  vide  lime ;  hornblende,  vide  magnesia ;  car- 
pholite,  vide  alumina;  zwieselite  (triplite),  vide  manganese.  In 
many  smelting  processes  slags  are  produced  which  contain  more  or 
less  fluoride  of  calcium,  arising  from  fluorite  abundantly  dissem- 
inated in  the  ores,  or  purposely  added,  and  which  has  not  been 
entirely  decomposed  by  the  silica  present. 

Examination  for  Fluorine  or  Hydrofluoric  Acid. 

When  fluorine  occurs  in  trifling  quantity  with  weak  bases  and  a 
little  water  in  minerals,  it  is  only  necessary  to  heat  a  small  quantity 
of  the  substance  in  the  closed  glass  tube,  in  which  a  strip  of  moist- 
ened Brazil-wood  paper  is  inserted.  The  gaseous  fluoride  of  sili- 
cium,  expelled  by  the  heat,  is  decomposed  by  the  vapor  of  water,  and 
a  ring  of  silica  is  deposited  near  the  assay,  while  the  escaping  hydro- 
fluoric acid  colors  the  paper  straw-yellow.  This  reaction  is  pro- 
duced when  only  three-fourth  per  cent,  of  fluorine  is  present,  as  in 
mica. 

When  no  reaction  for  hydrofluoric  acid  is  obtained,  either  on  the 
glass  or  the  paper,  in  the  closed  tube,  Berzelius's  test  with  S.  Ph. 
must  be  employed.  The  finely  powdered  substance  is  mixed  with 
S.  Ph.,  previously  fused  on  coal  and  also  powdered,  and  the  mixture 
heated  in  the  open  tube,  so  that  the  flame  may  be  carried  inside  of 
th<',  tube  by  the  current  of  air.    Under  the  solvent  action  of  the 
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S.  Ph.  upon  minerals  free  from  silica,  hydrofluoric  acid  is  formed, 
which  passes  through  the  tube  and  can  be  recognized  both  by  its 
peculiar,  pungent  odor  and  by  its  effect  on  the  glass,  which  it  attacks 
and  renders  dull,  especially  where  any  moisture  has  collected.  The 
escaping  air  will  also  turn  Brazil-wood  paper  yellow.  In  presence 
of  silica,  e.  g.  in  native  silicates  and  slags,  fluoride  of  silicium  is 
formed,  which  is  decomposed  by  the  water  that  separates  from  the 
products  of  combustion  of  the  flame.  The  separate  silica  dissolves 
in  the  water,  which  condenses  on  the  glass  and  is  gradually  evapo- 
rated by  the  hot  gaseous  products,  leaving  distinctly  perceptible 
silica  behind.  "When  the  tube  is  Avashed  out  and  dried  with  blotting 
paper,  the  glass  itself  occasionally  shows  dull  spots,  where  it  was 
attacked  by  hydrofluoric  acid.  A  strip  of  moistened  Brazil-wood 
paper  inserted  in  the  tube  before  the  assay  is  begun  is  colored  yellow. 
The  heat  must  be  suflBcient  to  fuse  the  mixture,  and  it  may  easily 
hajopen  that  a  very  thin  glass  tube  will  soften  and  contract,  so  as  to 
interrupt  the  operation  before  any  result  is  attained.  To  remedy 
this  Smithsou  fastens  some  platinum  foil  in  the  end  of  the  tube 

with  wire  so  as  to  form  a  semi-cir- 
cular tube  as  in  Fig.  77;  where, 
^'^-  ''^-  however,  the  platinum  is  simply 

inserted  into  the  tube  without  the  wire.  The  assay  is  placed  on  the 
platinum,  and  the  blast  so  directed  that  the  products  may  be  driven 
into  the  tube.  This  affords  an  advantage,  inasmuch  as  the  assay  is 
fused  without  coming  into  contact  with  the  glass. 

According  to  Merlet,  silicates  containing  not  too  little  fluorine 
may  be  tested  by  fusing  the  fine  powder  with  equal  parts  of  melted 
bisulphate  of  potassa  (according  to  Berzelius,  with  four  times  its 
weight),  in  the  closed  tube,  either  with  the  spirit-lamp  or  the  blow- 
pipe, until  sulphuric  acid  begins  to  escape.  The  substance  should 
be  heated  from  above  downward,  otherwise  the  whole  mass  may  be 
driven  out.  The  empty  portion  of  the  tube  is  thus  more  or  less 
thickly  coated  with  silicic  acid,  which  separates  from  the  gaseous 
fluoride  of  silicium.  The  tube  is  then  cut  off  just  above  the  fused 
mass,  washed  out  with  water  and  dried  with  blotting  paper.  In 
presence  of  much  fluorine  the  glass  is  quite  dull  throughout,  but 
when  there  was  a  trifling  amount  it  only  shows  dull  spots  here  and 
there.  This  test  is,  however,  inferior  to  that  in  the  open  tube  with 
S.  Ph.,  for  detecting  very  trifling  quantities  of  fluorine. 
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13.  Cyanogen,  Cy.    Composition  =  CN. 
Its  occurrence  in  melallaryical  prodiccis. 

When  iron  ores  are  smelted  m  1)liist  furnaces  with  charcoal  the 
sarbonate  of  potassa  in  the  coal  is  liable  to  form  cyanide  of  potas- 
sium ;  while  the  car])onate  is  reduced  to  potassium,  Avith  formation 
of  carbonic  oxide,  cyanogen  is  apparently  produced  from  the  coal 
in  contact  witli  the  potassium  and  from  the  nitrogen  of  the  blast, 
and  this  combining  witli  tlie  potassium  either  escapes  in  a  gaseous 
stale  from  the  throat,  or,  when  the  furnace  is  worked  with  a  closed 
breast,  through  the  openings,  above  and  below  which  it  condenses 
as  a  wliite  or  gray  salt.  When  the  gases  from  the  throat  are  collected 
for  any  purpose,  the  same  salt  occasionally  collects  in  the  conduits, 
but  is  more  or  less  impure  from  coal  and  ore  dust.  In  contact  with 
moist  air  this  salt  is  liable  to  partial  decomposition,  and  generally 
consists  of  mixed  cyanide  of  potassium,  K  Cy,  cyanate  of  potassa, 
K;  Cy,  and  carbonate  of  potassa,  I^  0 ;  in  presence  of  carbonate  of 
pota.ssa  it  also  usually  contains  a  corresponding  ammonia  salt,  as 
well  as  more  or  less  disseminated  carbide  of  iron  and  coal. 

Cyanogen  also  occurs  combined  with  titanium  and  nitride  of  titan- 
ium in  small  crystals  and  amorphous  masses,  in  the  cadmia  of 
certain  iron  blast  furnaces,  vide  titanium,  p.  3^3. 

Examination  for  Cyanogen, 

Includi7ig  the  (jeneral  blowpi])e  characteristics  of  cyanides. 

Cyanides,  excepting  those  of  the  alkalies  and  alkaline  earths, 
heated  to  low  redness  in  the  closed  tube  or  matrass,  arc  decomposed, 
becoming  charred,  and  evolving  cyanogen,  ammonia,  water,  and  nit- 
rogen. Ag  Cy  is  decomposed  into  metallic  silver,  or  carbide  of  silver 
and  cyanogen ;  Hg  Cy  separates  into  cyanogen  and  mercury,  which 
sublimes,  and  a  black  powder  is  left  behind,  paracyanogcn — Cy  N. 
The  anhydrous  cyanides  (»f  the  alkalies  and  alkaline  earths  sufTer 
no  change  at  a  red-heat,  and  cyanide  of  potassium  may  even  be 
brought  to  a  moderate  white-heat. 

On  coal  and  in  the  platinum  spoon  all  the  cyanides  are  decom- 
posed, but  those  of  the  alkalies  slowly,  and  the  liberated  cyanogen  is 
consumed. 

The  wet  way  is  best  suited  for  detecting  cyanogen  in  the  salt 
dbove  referred  to,  as  being  formed  in  smelting  iron  ore  with  charcoal. 
A  little  of  it  is  dissolved  in  water  and  decanted  after  the  residue  of 
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coaly  matters  and  particles  of  iron  has  settled.  The  solution  is  then 
acidified  with  hydrochloric  acid,  when  a  little  prussic  acid  is  evolved, 
and  effervescence  ensues  if  carbonate  of  potassa  was  present.  To 
the  acid  solution  a  few  drops  of  a  solution  of  proto-sesquioxide  of 
iron  (magnetite,  or  siderite  ignited  in  the  matrass)  in  hydrochloric 
acid  are  added  and  afterward  solution  of  potassa  in  drops,  when  the 
presence  of  cyanogen  will  immediately  afford  Prussian  blue.  The 
test  may  also  be  niade  by  testing  a  part  of  the  dissolved  salt  for  car- 
bonic acid  with  hydrochloric  acid  alone,  and  adding  to  the  other 
portion  a  few  drops  of  the  solution  of  proto-sesquioxide  of  iron, 
when,  a  grayish-green  precipitate  is  produced.  By  then  adding  a 
slight  excess  of  potassa  solution,  shaking  it  up  and  adding  hydro- 
chloric acid  to  strongly  acid  reaction,  the  Prussian  blue  is  obtained 
on  agitating  it  anew.  The  latter  method  is  to  be  preferred  when 
little  cyanogen  is  present,  as  none  of  it  is  then  lost  by  the  formation 
of  prussic  acid. 


III.  Examples  showing  the  method  of  detecting 
the  constituents  of  various  convpounds  with 
the  help  of  the  'blowpipe. 

The  examination  of  a  doubtful  compound  with  the  aid  of  the 
blowpipe  must  be  conducted  according  to  certain  rules,  which  have 
been  already  described  in  detail  on  p.  59,  et  seq. 

The  very  varying  chemical  composition  of  the  substances  which 
may  be  presented  for  examination,  however,  renders  it  no  easy  task 
for  the  beginner  always  to  decide  at  once  upon  the  right  and  quickest 
way,  when  he  has  no  point  to  start  from. 

Generally  the  external  appearance  of  substances  will  show  whether 
they  consist  of  salts  or  similm'  coinbinatio7is,  of  silicates,  aluminates, 
metallic  oxides,  sulphides,  selenides,  arsenides,  or  of  alloys. 

After  learning  the  plan  to  be  pursued  in  the  examination  of  a 
substance  belonging  to  any  of  the  above  classes,  it  will  not  be  diffi- 
cult to  detect  the  separate  constituents.  In  the  following  examples, 
at  least,  the  most  frequent  combinations  have  been  considered  as 
much  as  possible,  and  they  will  therefore  serve  to  show  how  such  an 
examination  is  to  be  instituted  and  conducted,  after  first  deciding, 
from  the  external  appearance  of  the  substance,  to  which  of  the  above 
classes  it  belongs. 
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A.    Oxysalts,    Chlorides,    Bromides,    Iodides,  Fluorides, 

and  Cyanides. 

The  oxysalts  (acid,  neutral,  and  basic)  have  as  the  base  an  alkali, 
an  earth,  or  a  metallic  oxide,  or  they  may  contain  more  than  one 
base  or  acid.  In  like  manner  chlorine,  bromine,  iodine,  fluorine,  and 
cyanogen  may  be  combined  with  one  or  several  metals. 

The  method  of  examining  these  compounds  with  the  aid  of  the 
blowpipe  is  in  general  as  follows: 

1.  A  small  portion  is  gradually  heated  to  redness  in  the  matrass, 
and  all  resulting  phenomena  are  noted,  p.  60,  et  seq. 

2.  If  apparently  easily  fusible,  the  substance  is  tested  on  platinum 
wire,  to  see  whether  it  colors  the  flame  ;  if  fusible  with  difficulty,  it 
is  held  in  the  platinum  forceps.  Should  no  decisive  reaction  be 
obtained  the  substance  must  be  freed  from  water  by  ignition, 
powdered,  and  moistened  with  sulphuric  acid,  p.  73,  et  seq. 

3.  A  small  portion  is  treated  B.  B.  on  charcoal,  being  previously 
powdered  if  it  has  decrepitated  in  the  matrass.  At  first  the  0.  F.  is 
employed ;  if  no  particular  change  takes  place  the  R.  P.  is  then 
used,  and  any  resulting  phenomena  noted,  p.  65,  et  seq. 

Simple  salts  may  frequently  be  at  once  recognized  by  these  tests, 
and  both  the  bases  and  acids  detected.  Salts  with  several  bases  or 
acids,  as  well  as  combinations  of  chlorides,  bromides,  iodides,  fluor- 
ides, and  cyanides,  must  be  further  tested,  while  many  salts  of  earths 
and  metallic  oxides  must  be  also  examined  with  borax,  S.  Ph.,  soda, 
and  cobalt  solution. 

Examples. 

Sulphate  ofpotassa. — The  crystallized  salt  heated  to^low  redness  in  the  matrass  de- 
crepitates, but  is  infusible  and  yields  nothing  volatile.  (The  bisulphate  fuses,  and  at  a 
high  heat  evolves  fumes  of  sulphuric  acid.) 

A  little  of  the  powder  fused  on  platinum  wire  colors  the  flame  violet,  p.  73.  Another 
portion  of  the  powder  treated  B.  B.  on  coal  with  the  O.  F.,  fuses,  effervesces,  and 
sinks  entirely  into  the  coal,  which  on  continued  blowing  is  coated  white,  as  if  by  a 
sulphate  of  an  alkali,  or  by  some  volatilized  chloride,  bromide,  or  iodide,  p.  69.  This 
coat  disappears  under  the  R.  F.  with  a  violet  flame.  The  base  of  the  salt  is  therefore 
most  probably  potassa.  Upon  moistening  the  spot  where  the  salt  has  sunk  into  the 
coal  with  water  an  hepatic  odor  is  evolved,  while  if  this  spot  is  cut  out  and  laid  on 
moistened  ^Iver  foil  the  silver  turns  black.  In  either  case  a  sulphide  is  recognized, 
which  has  been  formed  by  the  reduction  of  the  salt  on  coal,  and  we  have,  therefore, 
mlphate  ofpotassa. 

Note. — It  has  been  already  remarked,  p.  73,  that  caesium  and  rubidium  salts  color 
the  flame  in  a  manner  very  similar  to  potassa  salts,  so  that  they  might  readily  be  con- 
founded with  each  other.     The  great  resemblance  of  the  results  obtained  with  indigo 
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solution  and  cobalt  glass,  p.  124,  renders  these  tests  also  unreliable,  and  in  doubtfal 
cases  the  only  means  of  distinguishing  between  the  salts  is  the  examination  with  the 
spectroscope. — To  determine  whether  a  salt  of  an  alkali  is  free  from  baryta  or  strontia, 
which  sink  with  the  alkali  into  the  coal,  and  cannot  therefore  be  detected  by  the  simple 
tests  above  described,  a  small  portion  is  dissolved  in  water,  and  any  residue  reserved 
for  further  examination.  (In  case  of  sulphates  this  may  consist  of  sulphate  of  baryta 
or  strontia.)  Should  the  acid  be  one  which  forms  soluble  salts  with  baryta  and  strontia 
also,  a  few  drops  of  sulphuric  acid,  or  a  solution  of  sulphate  of  potassa  are  added  to 
the  clear  solution,  when  a  cloudiness  will  be  produced  if  either  of  the  above  earths  is 
present.  Should  this  be  so,  a  larger  quantity  of  the  salt  must  be  dissolved  in  water, 
sulphuric  acid  added  to  the  solution,  and  the  precipitate,  after  settling,  filtered  out, 
washed,  and  tested,  according  to  p.  138  or  141. 

Nitrate  of  potassa  [saltpetre,  nitre). — It  fuses  easily  in  the  matrass  to  a  clear  fluid, 
and  when  more  strongly  heated  boils  and  yields  oxygen,  but  in  such  small  quantity 
that  it  cannot  be  recognized  by  a  glowing  splinter  of  wood.  This  indicates  an  alkaline 
base.  On  platinum  wire  gradually  diminishes  in  volume,  owing  to  decomposition, 
yields  no  odor,  but  colors  the  flame  violet,  thus  indicating  potassa  as  the  base  [vide  note, 
above). 

On  coal  deflagrates  very  vividly  and  leaves  a  white  salt,  which  on  continued  blow- 
ing sinks  into  the  coal,  but  yields  neither  a  coating,  nor  a  reaction  on  silver  foil.  Taken 
in  connection  with  the  behavior  in  the  matrass  and  on  platinum  wire,  this  shows  that 
the  acid  can  only  be  nitric  acid,  and  this  is  established  by  a  special  test  with  bisulphate 
of  potassa,  p.  354. 

Iodide  of  potassium. — Heated  to  redness  in  the  matrass  decrepitates  a  little,  then 
fuses  to  a  clear  fluid,  but  yields  neither  oxygen  nor  water.  The  base  is  therefore  an 
alkali.  Fuses  easily  on  platinum  wire,  coloring  the  flame  violet,  and  volatilizes  in 
white  fumes,  with  a  penetrating  smell, -resembling  chlorine.  The  base  is  therefore 
potassa  (vide  foregoing  note).  Fuses  on  coal  without  deflagrating,  sinks  into  it,  but  is 
gradually  volatilized  by  continued  blowing,  and  forms  a  white  coat,  which  under  R.  F. 
is  in  part  driven  to  another  spot,  and  part  of  it  volatilizes  entirely,  the  flame  being 
colored  violet ;  at  the  same  time  a  chlorine-like  odor  is  perceptible.  This  behavior,  in 
connection  with  the  volatility  and  the  chlorine-like  odor  evolved  during  the  examination 
on  platinum  wire,  indicates  a  combination  of  potassium  with  bromine  or  iodine, 
p.  374.  To  distinguish  between  these  a  little  of  the  compound  is  powdered  and  fused 
in  the  blue  flame  with  a  bead  of  S.  Ph.  containing  oxide  of  copper,  on  platinum  wire, 
p.  375,  when  the  outer  flame  is  colored  fine  green,  from  the  iodide  of  copper  formed.  A 
small  portion  heated  in  the  matrass  with  bisulphate  of  potassa,  p.  376,  will  evolve  violet 
vapors  of  iodine. 

Sulphate  of  soda  [glauher  salL,  mirahilite,  thenardite). — The  hydrous  salt  in  the  mat- 
rass yields  neutral  ivater,  and  the  residue  is  infusible.  Fuses  on  platinum  wire  and 
colors  the  flame  intense  reddish-yellow ;  hence  the  base  is  apparently  soda.  (By  a 
special  test  for  potassa,  p.  124,  et  seq.,  the  possible  presence  of  this  alkali  may  be  ascer- 
tained.)    The  sidphuric  acid  is  detected  as  in  sulphate  of  potassa,  p.  381. 

Carhonale  of  soda  {natron,  trona,  titer monatrite,  urao). — In  the  matrass  yields  neutral 
ivater.  The  dehydrated  salt  is  infusible  at  low  redness.  Fused  on  platinum  wire  it 
colors  the  flame  intense  reddish-yellow;  the  base  is  therefore  apparently so(/a,  which 
fact  is  established  by  making  special  tests  for  potassa  and  lithia,  p.  124  and  133. 
Fuses  on  coal  without  deflagration,  sinks  in,  but  on  continued  blowing  yields  no  coat ; 
the  salt,  when  ciit  out  from  the  coal  and  moistened  on  silver  foil,  yields  a  sulphur  reac- 
tion, if  the  salt  was  not  quite  free  from  sulphuric  acid. 

Since  the  foregoing  beha\'ior  does  not  indicate  the  acid,  it  must  be  further  examined 
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with  litmus  paper,  hydrochloric  acid,  or  silica.  If  placed  on  red  litmus  paper  and 
moistened,  it  reacts  alkaline  ;  it  shows  carbonic  acid  by  effervescing  strongly  with 
dilute  hydrochloric  acid  ;  with  silica  on  coal  it  fuses  with  effervescence  to  a  clear  bead, 
which  after  treatment  in  R.  F.  becomes  yellowish  on  cooling,  unless  the  salt  was  quitt 
free  from  sulphate  of  soda,  p.  367. 

Biborate  of  soda  (borax). — Yields  much  neutral  water  and  puffs  up  in  the  matrass. 
The  natural  salt  blackens  in  consequence  of  the  charring  of  adherent  organic  matter. 
On  platinum  wire  and  coal  puffs  up  strongly  at  first,  and  then  fuses  to  a  clear,  color- 
less bead,  producing  an  intense  reddish-yellow  flame — soda. 

The  dehydrated  salt,  tested  with  sulphuric  acid  on  platinum  wire,  affords  a  distinct 
boracic  acid  flame,  p.  75.  ^ 

Chloride  of  sodium  (common  salt,  rock  salt). — In  the  matrass  decrepitates  quite  strongly 
sometimes,  and  usually  yields  some  neutral  water.  Fuses  readily  on  platinum  wire, 
giving  an  intense  reddish-yellow  flame  (soda),  and  is  gradually  volatilized,  without 
diffusing  any  remarkable  odor.  On  coal  fuses  and  sinks  in,  but  after  continued  blow- 
ing produces  a  white  coat,  p.  69.  The  compound  which  has  sunk  into  the  coal  yields 
no  sulphur  reaction  ;  it  .seems  to  be  chloride  of  sodium.  When  testing  on  coal  salt 
which  is  not  free  from  sulphate  of  magnesia  (epsoii'iite) ,  or  sulphate  of  lime  (gypsum), 
the  earthy  bases  remain  behind,  while  the  chloride  of  sodium  sinks  in ;  the  mass  cut 
out  of  the  coal  also  produces  a  sulphur  reaction  on  silver  foil,  which  is  more  distinct  in 
proportion  to  the  amount  of  epsomite,  gypsum,  or  even  mirabilite,  which  is  present. 

When,  in  case  of  impure  salt,  which  might  be  taken  for  sulphate  of  soda  from  its 
behavior  on  coal,  the  behavior  on  platinum  wire  is  also  considered,  there  is  reason  to 
test  it  directly  for  chlorine.  With  a  S.  Ph.  bead  saturated  with  oxide  of  copper,  it 
will  give  an  intense  azure-blue  flame,  showing  chlorine,  p.  373.  (On  account. of  the 
similar  reaction  of  bromine  a  fusion  with  bisulphate  of  potassa  must  be  made,  which 
will  give  distinct  evidence  that  chlorine  is  present.) 

Sulphate  of  ammonia  (mascagnite) . — Decrepitates  slightly  in  the  miitrass,  then  fuses 
and  is  decomposed,  evolving  ammonia,  which  may  be  recognized  by  the  odor  and  with 
red  litmus'papcr,  and  also  some  water.  The  remainder  disappears,  fonning  a  subli- 
mate of  sulphite  of  ammonia,  generally  mingled  with  some  sulphate. 

When  fused  with  soda  on  coal  the  salt  is  decomposed,  an  ammoniacal  odor  is 
evolved,  and  the  soda  which  sinks  into  the  coal  affords  a  strong  sidphur  reaction  on 
silver  foil. 

Chloride  of  ammonium  (sal  ammoniac). — In  the  matrass  sublimes,  without  fusing, 
leaving  no  residue  if  pure.  A  burnt  odor  may  sometimes  be  noticed  at  the  mouth  of 
the  matrass.  If  another  portion  is  treated  -with  soda  in  the  matrass  carbonate  of  am- 
monia is  evolved,  p.  136.  Upon  testing  some  of  the  volatile  compounds  with  a  S.  Ph. 
bead  containing  oxide  of  copper,  using  not  too  little  of  the  substance,  an  azure-blue 
cMoride  of  copper  flame  is  obtained. 

Carbonate  of  baryta  (witherite). — Sometimes  yields  traces  of  water  in  the  matrass 
but  is  otherwise  unchanged.  According  to  p.  139,  fuses  easily  to  a  bead  in  the  forceps, 
coloring  the  flame  yellowish-green — baryta,  p.  75.  On  coal  fuses  to  a  globule,  which, 
however,  soon  spreads  out  and  sinks  into  the  coal,  although  not  so  deep  as  a  salt  of 
an  alkali.  If  cut  out  the  mass  then  reacts  alkaline  on  litmus  paper.  It  is  apparently 
carbonate  of  baryta,  and  this  fact  is  established  by  its  complete  solubility,  with  effer- 
vescence, in  dilute  hydrochloric  acid.  Any  trifling  amount  of  metallic  oxides  present 
may  be  detected  by  testing  with  the  glass  fluxes.  In  borax  and  S.  Ph.  it  dissolves 
readily  with  effervescence,  behaving  like  baryta,  p.  96,  and  sometimes  showing  a 
little  iron. 

Sulphate  of  baryta  [barite,  heavy  spar),  p.  138. 
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Sulphate  of  strontia  (celestite),  p.  141. 

Carbonate  of  strontia  {strontianite) ,  p.  141. 

Nitrate  of  strontia. — If  free  from  water  of  crystallization  the  salt  decrepitates  in  the 
matrass  and  yields  only  a  little  mechanically  combined  water.  Upon  continued  beat- 
ing the  matrass  is  filled  with  yellow  fumes  of  nitrous  acid,  which  may  be  recognized 
by  their  odor;  the  salt  fuses,  without  becoming  clear,  and  boils.  (The  greenish  color 
frequently  assumed  by  the  mass  in  contact  with  the  glass  is  only  due  to  the  manga- 
nese contained  in  the  glass,  which  is  attacked  by  the  heated  salt.) 

On  platinum  wire  fuses  even  at  a  feeble  heat,  boils,  yields  up  its  nitric  acid,  and 
leaves  an  infusible,  white,  earthy  mass,  which  is  strongly  luminous  and  colors  the 
flame  intens^reJ.  Deflagrates  slightly  on  coal,  leaving  a  white,  earthy  mass,  which  is 
luminous  when  strongly  heated,  and  on  cooling  has  an  alkaline  reaction  on  litmus  paper. 

This  behavior  indicates  strontia  and  nitric  acid  as  the  constituents  of  the  salt. 

Flumide  of  calcium  {fluor  spar). — The  ingredients  of  this  compound  may  be  dis- 
tinctly recognized  from  the  blowpipe  characteristics  on  p.  148,  et  seq. ;  but  the  following 
explanatory  remarks  should  be  made :  Powdered  fluor  spar,  alone  on  coal,  fuses  to  a 
globule,  which  becomes  less  fusible  and  acquires  an  alkaline  reaction  after  longer 
treatment.  Since  the  behavior  in  the  matrass  and  foi'ceps  and  on  coal  indicates  the 
presence  of  lime  or  strontia,  a  test  on  coal  with  soda  is  necessary,  by  wliich  these  two 
earths  can  be  readily  distinguished,  p.  86.  Since  also,  from  the  whole  behavior,  it 
may  be  presumed  that  the  substance  is  fluor  spar,  a  special  test  for  fluorine  should  be 
made  with  fused  S.  Ph.,  according  to  p.  377,  etseq. 

Sulphate  of  lime  {gypsum  and  anhydrite),  p.  148. 

Phosphate  of  lime  Viith  chloride  and  fluoride  of  calcium  (apatite).  The  behavior  of 
this  mineral  is  described  on  p.  149  ;  but  the  following  remarks  may  be  made  : 

1.  Since  the  mineral  produces  only  an  indistinct  coloration  of  the  flame,  a  little  of 
the  fine  powder  ij^ust  be  moistened  with  sulphuric  acid  and  fused  in  the  blue  flame  on 
platinum  wire,  p.  76,  when  phosphoric  acid  will  be  shown. 

2.  As  the  mineral  suffers  little  change  when  treated  alone,  it  must  be  tested  with 
borax,  S.  Ph.,  and  soda,  and  then  the  earthy  constituent  will  be  shown  to  consist 
chiefly  of  litne. 

When  it  is  remembered  that  the  natural  phosphates  usually  contain  a  larger 
or  smaller  amount  of  chlorides  or  fluorides,  there  is  reason  to  make  special  tests  for 
chlorine,  p.  372,  and  fluorine,  p.  377.  The  wet  way,  p.  150,  etseq.,  must  be  employed 
to  detect  any  trifling  amount  of  magnesia  present. 

Carbonate  of  lime  (calcite  and  aragonite),  p.  150. 

Tungstate  of  lime.(scheelite),  p.  152. 

Sulphate  of  magnesia  (epsomite),  p.  163. 

Carbonate  of  magnesia  [magnesite),  p.  165. 

Borate  of  magnesia  (boracite),  p.  165. 

Phosphate  of  ammonia  and  magnesia,  obtained  when  silicates  containing  magnesia  are 
examined  in  the  wet  way,  p.  155,  et  seq.  The  dry  salt  yields  water  in  the  matrass,  and 
evolves  ammonia  before  it  attains  a  red  heat ;  but  it  does  not  fuse.  On  platinum  wire  it 
fuses  and,  if  free  from  soda,  gives  a  pale  bluish-green  flame  of  phosphoric  acid ;  when 
not  otherwise  perceptible  this  color  may  be  produced  for  a  short  time  if  the  salt  is  first 
moistened  with  sulphuric  acid.  On  coal  fuses  with  difficulty,  yielding  its  water  and 
ammonia,  and  leaving  an  enamel-white  bead,  if  free  from  cobalt  and  manganese. 
Moistened  with  cobalt  solution  and  fused  in  O.  F.,  the  bead  appears  violet  by  day- 
light, but  red  by  candlelight. 

Since  the  fusibility  and  the  violet  color  with  cobalt  solution  are  characteristic  tests 
for  phosphate  of  magneaia,  it  follows  that  the  salt  is  hydrous  phosphate  of  ammonia  and 
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magnesia.    A  test  with  soda  and  nitre  on  platinum  foil,  will  show  whether  manganese 
is  present. 

Sulphate  of  potassa  and  alumina  (potash  alum). — The  blowpipe  characteristics  of 
this  salt  have  been  described  as  far  as  necessary,  on  p.  173,  but  if  it  is  to  be  used  as  an 
example  the  following  remarks  should  be  made  : 

Since  the  salt  at  first  fuses  in  the  matrass  in  its  water  of  crystallization,  and  then 
yields  water  and  sulphurous  acid,  it  follows  that  it  is  a  sulphate,  and  either  an  acid 
sulphate,  or  one  in  which  the  ,base  is  not  strong  enough  to  retain  the  acid  at  a  high 
temperature. 

Since,  moreover,  the  dehydrated  salt  treated  on  platinum  wire  produces  a  violet 
flame,  is  infusible,  and  when  ignited  in  a  pure  0.  F.,  after  being  moistened  with  cobalt 
solution,  assumes  a  blue  color,  it  is  evident  that  there  are  two  bases  present,  viz.  : 
potassa  and  alumina,  which  latter,  in  combination  with  sulphuric  acid,  yields  its  acid 
when  strongly  ignited.  A  test  with  soda  in  R.  F.  on  coal,  p.  366,  will  perfectly  estab- 
lish the  presence  of  sidphwic  acid. 

Sulphate  of  ammonia  and  alumina  {ammonia  alum),  p.  174. 

Phosphate  of  alumina  (wavellite),  p.  175. 

Fluoride  of  sodium  and  aluminium  {a-yolite), — According  to  p.  172,  this  compound 
yields  reactions  for  soda,  alumina,  and  hydrofluoric  acid.  Further  tested  with  sulphuric 
acid  on  platinum  wire,  it  only  yields  tlie  reddish-yellow  soda  flame,  showing  that 
neither  boTacic  nor  phosphoric  acids  are  present.  It  dissolves  perfectly  and  without 
effervescence  in  hydrochloric  acid,  being  therefore  free  from  silica  and  carbonic  acid. 
Since  also  neither  nitric  or  sulphuric  acids,  chlorine,  bromine,  or  iodine,  can  be  present, 
because  they  would  have  been  recognized  on  coal,  it  may  be  assumed  that  the  soda 
and  alumina  are  combined  as  sodium  and  aluminium  with  fluorine,  and  this  is  estab- 
lished by  a  special  test,  according  to  p.  377,  inasmuch  as  a  very  strong  hydrofluoric 
acid  reaction  is  obtained.  ,- 

It  would  be  superfluous  to  give  here  examples  of  salts  of  metallic  oxides,  since  their 
blowpipe  behavior  is  described  in  detail  in  the  respective  places  under  the  various 
metals.     Some  of  the  following  may  be  selected  for  practice. 

Fluoride  of  calcium,  yttrium,  and  cerium  (yttrocerite),  p.  183. 

Tantalate  of  yttria  (yttrotantalite) ,  p.  185. 

Sulphate  of  protoxide  of  iron,  hydrous  (copperas),  p.  228. 

Hydrous  phosphate  and  sulphate  of  iron  (diadochite) ,  p.  229. 

Hydrous  arsenate  and  sulphate  of  iron  (pitticite),  p.  230. 

Carbonate  of  iron  (siderite),  p.  230. 
.   Tungstate  of  iron  and  manganese  (wolframite),  p.  231. 

Oxideof  iron  and  titanium  (titanic  iron),  p.  232. 

Tantalate  of  iron  and  manganese  (tantalite),  p.  232. 

Hyponiohate  of  iron  and  manganese  (columbite),  p.  233. 

Hydrous  arsenate  of  cobalt  (erythrite),  p.  241. 

Hydrous  arsenate  of  nickel  (annabergite),  p.  248. 

Carbonate  of  zinc  (smithsonite),  p.  254. 

Phosphate  or  arsenate  of  lead  with  chloride  of  lead  (pyromorphite  or  mimelite),  p.  270. 

Carbonate  of  lead  (cerussite),  p.  271. 

Chromate  of  lead  (crocoite),  p.  271. 

Molybdate  of  lead  (wulfenite),  p.  272. 

Tungstate  of  lead  (stolzite),  p.  273. 

Carbonate  of  bismuth  (bismulite),  p.  282. 

Hydrous  phosphate  of  uranium,  with  lime  or  oxide  of  copper  (autunite  or  torbernite), 
p.  286. 
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Hydrous  sulphate  of  copper  [chalcanthite,  copper  vitriol),  p.  299. 
Hydrous  phosphate  of  copper,  p.  300. 

Hydrous  carbonate  of  copper  (malachite  or  azurite),  p.  300. 
Hydrous  arsenate  of  copper,  p.  301 . 


B.  Silicates  and  Aluminates. 

The  examination  of  silicates  is  performed  : 

1.  In  a  small  matrass;  by  observing  the  remarks  on  p.  353,  the 
hydi'ous  silicates  may  thus  be  distinguished  from  the  anhydrous. 
2.  In  the  platinum  forceps ;  attention  must  here  be  paid  to  the 
observations  on  pp.  69  to  71,  and  the  remarks  on  the  fusibility  of 
the  silicates,  p.  119.  Some  silicates  color  the  flame,  owing  to  lithia 
or  boracic  acid ;  the  soda  coloration  is  only  to  be  regarded  as  impor- 
tant when  it  is  distinct  and  lasting.  3.  "With  reagents,  borax,  S.  Ph., 
soda,  in  certain  cases  cobalt  solution,  as  well  as  a  mixture  of  bisul- 
phate  of  potassa  and  fluor  spar.  The  behavior  with  S.  Ph.,  pp.  83 
and  363,  is  characteristic ;  likewise  with  soda,  p.  86,  et  seq.  Cobalt 
solution  yields  decisive  results  only  in  a  few  cases,  more  especially 
mentioned  under  magnesia,  p.  166,  and  alumina,  p.  176.  Bisulphate 
of  potassa  and  fluor  spar  are  used  in  examining  for  lithia,  p.  133,  and 
boracic  acid,  p.  361,  when  these  cannot  be  seen  at  all,  or  only  indis- 
tinctly, by  simple  heating  in  the  forceps.  When  the  bases  cannot  be 
detected  with  the  blowpipe  alone  the  wet  way  must  be  brought  to 
assist,  either  by  decomposing  the  compound  at  once  with  hydro- 
chloric acid,  p.  119,  if  possible,  or  after  first  fusing  it  with  soda  and 
borax  on  coal,  p.  113,  et  seq. 

The  aluminates  do  not  occur  very  abundantly  in  nature,  and  they 
are  tested  like  the  silicates ;  their  blowpipe  characteristics  are  also 
given  in  the  proper  places,  under  magnesia,  "lucina,  and  zinc.  They 
can  in  general  be  distinguished  from  the  silicates  by  their  complete 
solubility  in  S.  Ph.,  and  by  the  fact  that  they  do  net  aflbrd  a  per 
fectly  fusible  compound  with  any  proportion  of  goda. 

Examples. 

Silicate  of  lime  (wollastonite). — Heated  to  glowing  in  the  matrasi.  is  nraHereil  bm 
sometimes  yields  a  little  water.  In  the  forceps,  fuses  on  the  edt^s  to  f»  «'emi-t'-ansparent 
glass,  and  colors  the  flame  at  first  yellowish,  afterwards  feebly  red.  SVUh  borax  dis- 
solves  easily  and  largely  to  a  clear  bead,  which  cannot  be  flamed  opique.  If  not  (inif* 
free  from  iron  the  bead  is  yellowish  while  hot. 

In  S.  Ph.  dissolves,  with  formation  of  a  silica  skeleton,  to  a  clear  glass,  which  is  opal- 
escent on  cooling  if  strongly  saturated.  With  equal  parts  of  soda  fuses  with  efferves- 
cence to  a  blebby  glass,  which  swells  and  becomes  infusible  on  addition  of  mort  soda. 
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Moistened  with  cobalt  solution  and  strongly  heated  in  O.  F.,  only  shows  a  blue  color 
on  the  fused  edges. 

The  above  reactions  show  that  wollastonite  is  a  silicate,  since  the  silicic  acid  is 
recognized  by  its  behavior  both  with  S.  Ph.  and  with  soda.  The  mineral  gives  a  feeble 
red  tinge  to  the  flame,  is  easily  dissolved  in  borax,  perfectly  decomposed  by  S.  Ph.,  the 
S.  Ph.  bead  opalesces  on  cooling  when  strongly  saturated ;  the  mineral  further  fuses  to 
a  clear  glass  with  a  little  soda,  with  cobalt  solution  does  not  indicate  alumina  or  mag- 
nesia, since  a  blue  color  is  only  visible  after  fusion  ;  the  base  must,  therefore  be  lime. 
( Compare  also  p.  1 54. )  In  order  to  ascertain  this  with  certainty  the  wet  way  must  be 
employed,  p.  155.  Since  this  mineral  is  perfectly  decomposed  by  hydrochloric  acid,  it 
belongs  to  the  silicates  which  can  be  more  speedily  examined  by  the  wet  way  alone 
than  before  the  blowpipe. 

Silicate  of  potassa  and  alumina  (orthoclase,  adularia). — Alone  in  the  matrass  is  un- 
altered and  yields  no  water,  unless  already  weathered.  In  the  forceps  fuses  only  on  the 
edges  to  a  semi-transparent,  blebby  glass,  and  gives  a  more  or  less  intense  yellow  flame, 
owing  to  a  little  soda. 

Dissolves  in  borax  very  slowly,  without  effervescing,  to  a  clear  glass,  sometimes 
yellowish  while  hot,  from  a  trifling  amount  of  iron.  By  S.  Ph.  is  decomposed  per- 
fectly only  when  powdered,  and  leaves  a  silica  skeleton.  The  glass  opalesces  on  cooling 
(cf.  p.  176J.  AVith  soda  dissolves  slowly  with  eflTervescence,  to  a  diSicultly  fusible, 
clear  glass,  scarcely  free  from  bubbles.  If  finely  powdered  orthoclase  is  tested  with 
cobalt  solution  only  the  fused  portions  assume  a  blue  color. 

These  blowpipe  characteristics  show  that  the  substance  is  a  silicate,  in  which  the 
silicic  acid  seems  to  be  combined  with  alumina  (because  soluble  with  diSicultj^  in  borax), 
and  with  soda  (shown  by  the  yellow  flame),  or  perhaps  with  potassa  also,  the  potassa 
reaction  being  concealed  by  the  soda.  To  decide  this  latter  point  a  special  test  must  be 
made,  p.  125.  The  finely  powdered  mineral  is  mixed  with  pure  gypsum,  p.  126, 
moistened,  fused  on  platinum  wire,  and  the  flame  observed  through  cobalt  glass  ;  if  a 
distinct  violet  color  is  perceptible  potassa  is  present  {vide  note,  p.  381).  The  wet  way 
must  be  brought  to  aid  in  the  examination  for  other  earthy  bases,  besides  alumina, 
and  as  even  the  finely  powdered  mineral  is  not  decomposed  by  hydrochloric  acid,  a  suf- 
ficient quantity  of  it  must  be  fused  to  a  clear  bead  with  soda  and  borax  on  coal,  p.  113, 
and  then  treated  accoi'ding  to  p.  155,  etseq.  A  very  trifling  amount  of  lime  may  then 
occasionally  be  found.  Some  of  the  mass  which  has  been  evaporated  with  hydrochloric 
acid  may  also  be  employed  to  detect  potassa  by  the  wet  way,  p.  126. 

Silicate  of  glucina  and  alumina  (beryl,  emerald). — For  the  blowpipe  characteristics  of 
this  silicate  and  the  method  of  detecting  its  constituents,  vide  p.  179,  et  seq. 

Silicate  of  yttria,  etc.  (gadoHnite). — For  its  blowpipe  characteristics  and  the  method 
of  detecting  all  of  its  constituents,  vide  pp.  191  to  193. 

Silicate  ofzirconia  (zircon,  hyacinth),  vide  p.  196,  et  seq. 

Silicate  of  protoxide  of  cerium  (cerite),  pp.  203  and  205. 

Silicate  and  borate  of  lime,  magnesia,  alumina,  and  sesquioxides  of  iron  and  manganese 
{axinite). — Yields  nothing  and  is  unaltered  in  the  matrass.  In  the  forceps  fuses  very 
easily  with  intumescence,  coloring  the  flame  feebly  green  if  held  in  the  tip  of  the  blue 
flame,  and  when  cold  the  fused  mineral  is  dark  green.  After  perfect  fusion  in  0.  F.  it 
becomes  black.  Borax  dissolves  axinite  readily  in  O.  F.,  yielding  a  dark  red  glass, 
with  a  violet  shade.  After  short  reduction  the  glass  is  yellow,  and  if  reduced  on  coal 
(vith  tin  it  becomes  vitriol-green  {iron). 

With  S.  Ph.  in  0.  F.  leaves  a  silica  skeleton  and  dissolves  to  a  yellow  glass,  color- 
less on  cooling ;  this  glass  again  fused  and  then  brought  into  contact  with  a  small 
crystal  of  nitre,  froths  up  and  assumes  a  violet  color.     With  soda  on  coal  effervesces  and 


388  tlattnee's  blowpipe  analysis. 

fuses  to  a  black,  almost  metallic  lustrous  glass,  and  on  platinum  foil  reacts  strongly 
for  manganese. 

The  foregoing  behavior  indicates  a  combination  of  silicates;  the  bases  consisting  of 
an  oxide  of  iron  (because  the  glasses,  especially  that  of  borax,  appear  yellow  after 
short  reduction) ;  of  an  oxide  of  manganese  (shown  by  the  color  of  the  borax  bead  in 
O.  F.,  as  above  described,  and  by  the  violet  color  of  the  S.  Ph.  glass  with  the  nitre,  as 
well  as  by  the  green  mass  obtained  with  soda  on  platinum  foil);  further,  of  earths 
(because  a  comparatively  large  quantity  is  required  to  produce  an  intense  color  with 
the  glass  fluxes).  The  earthy  bases  can,  however,  only  be  detected  by  fusing  the 
mineral  with  soda  and  borax  on  coal,  and  decomposing  the  fused  mass  in  the  wet  way, 
pp.  155  and  176.  By  this  means  axinite  is  found  to  contain,  besides  iron  and  man- 
ganese, alumina,  lime,  and  a  little  magnesia.  The  green  color  imparted  to  the  flame, 
while  testing  the  fusibility  of  the  mineral,  indicates  boracic  acid.  By  making  the 
special  test  with  bisulphate  of  potassa  and  fluor  spar,  p.  361,  its  presence  is  more  com- 
pletely established. 

Lead  slag  from  the  Freiberg  smelting  works. — In  the  forceps  fuses  rather  easily  to  a 
globule,  coloring  the  flame  bluish,  and  sometimes  greenish.  If  the  fine  powder  is 
moistened  with  hydrochloric  acid  and  fused  on  platinum  wire  within  the  blue  flame 
tbere  results,  if  copper  is  present,  the  azure-blue  flame  of  chloride  of  copper.  Frag- 
ments of  slag,  when  not  too  large,  fuse  rather  easily  alone  on  coal  to  a  globule,  and  if 
this  is  kept  fused  for  a  time  in  contact  with  the  flame  quite  a  thick  coat  of  oxide  ofzine 
is  deposited,  which,  however,  if  touched  with  the  flame,  shows  the  presence  of  oxide  of 
lead  by  the  blue  tinge  imparted  to  the  flame. 

With  borax  in  0.  F.  dissolves  readily  to  a  clear  bead,  dark  yellow  from  sesquioxide 
of  iron,  and  becoming  lighter  on  cooling-  In  S.  Ph.  dissolves,  with  formation  of  a 
silica  skeleton,  to  a  clear  glass,  also  yellow  from  iron.  With  soda  on  coal  eflervesces 
and  fuses  to  a  black  bead,  which  after  longer  treatment  in  R.  F.  deposits  an  abundant 
yellowish  coat  of  oxides  of  zinc  and  lead.  If  moistened  upon  silver  foil  the  fused  mass 
then  reacts  strongly  for  sulphur,  vide  below.  By  a  reduction  assay  wi^  much  soda 
metallic  particles  are  obtained,  which  either  consist  of  pure  lead,  or,  in  case  copper  is 
present,  behave  with  boracic  acid  like  an  alloy  of  lead  and  copper.  With  soda  and 
nitre  on  platinum  foil  a  distinct  manganese  reaction  is  produced. 

The  foregoing  behavior  shows  that  the  lead  slag  consists  chiefly  of  a  silicate  of 
protoxide  of  iron,  containing  a  little  oxide  of  lead,  zinc,  (copper, )  and  manganese. 
Other  (earthy)  bases  present  can  only  be  detected  with  the  aid  of  the  wet  process. 
For  this  purpose  about  100  milligr.  of  the  finely  powdered  slag  are  fused  with  soda 
and  borax  by  the  side  of  a  gold  button,  weighing  about  80  milligr.,  in  R.  F.,  accord- 
ing to  p.  113,  and  the  resulting  bead  is  further  treated  as  directed  for  silicates  under 
lime,  p.  155.     By  this  means  alumina,  with  some  lime  and  magnesia,  will  also  be  found. 

Upon  fusing  the  gold  button  freed  from  slag  on  coal  alone,  a  pure  lead  coat  is  ob- 
tained, and  if  the  remaining  button  is  then  treated  a  short  time  on  coal  with  S.  Ph.  in 
O.  F.,  and  the  glass  reduced  a  moment  with  a  little  tin,  after  removing  the  gold  button, 
it  will  become  brownish-red  and  opaque  from  suboxide  of  copper,  if  the  slag  was  not 
quite  free  from  copper. 

The  lead  slag  therefore  consists  of:  silica,  protoxide  of  iron,  alumina,  lime,  {magnesia,) 
and  a  little  oxide  of  lead  and  zinc,  suboxide  of  copper,  protoxide  of  vmnganese,  and 
tulphiir  (combined  with  various  ingredients).  A  special  test  for  silver  will  also  show  a 
trace  of  that  metal. 

The  strong  sulphur  reaction  obtained  even  from  quite  pure  fragments  of  the  slag 
indicates  the  presence  of  sulphide  of  calcium  (and  occasionally  sulphide  of  barium). 
When  hydrochloric  acid  is  poured  over  some  of  the  fine  powder  in  a  test  glass  and  the 
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whole  stirred  with  a  glass  rod,  applying  heat  if  necessary,  an  odor  of  sulphuretted 
hydrogen  is  at  once  evolved.  Should  this  not  be  distinct  enough  a  strip  of  paper 
moistened  with  solution  of  acetate  of  lead  is  laid  over  the  mouth  of  the  glass,  or  held 
within  it,  to  see  whether  it  is  rendered  brown  or  black  by  sulphide  of  lead. 

Aluminate  of  magnesia  (spinel),  p.  167, 

Aluminate  of  glucina  (chry sober yl),  p.  180. 

Aluminate  of  zinc,  magnesia,  and  iron  [gahnite,  automolite),  p.  255. 


C.  Combinations  of  Metallic  Oxides. 

The  metallic  oxides  occurring  in  nature  are  either  pure  oxides  or 
hydrates.  Some  form  distinct  minerals  by  themselves,  some  when 
combined  with  others.  Such  as  can  be  heated  to  redness  in  the 
matrass  without  yielding  water  are  oxides,  and  such  as  yield  water 
are  either  hydrates,  or  oxides  containing  hydrates. 

The  metallic  oxides  which  occur  as  metallurgical  products, 
although  frequently  containing  sulphuric  acid,  or  acids  of  arsenic 
and  antimony,  with  which  a  part  of  the  oxide  is  combined,  never 
contain  water  chemically  combined. 

The  oxides  are  tested  at  first  alone :  a,  in  the  matrass ;  5,  in  the 
forceps ;  c,  on  coal.  If  no  decisive  result  is  thus  obtained  the  exam- 
ination is  continued  with  borax,  S.  Ph.,  and  soda. 

Examples. 

Peroxide  of  manganese  (pyrolusite),  p.  212. 

Peroxide  of  manganese  with  oxide  of  cobalt  and  water  {earthy  cobalt,  black),  p.  212. 

Peroxide  of  manganese  with  oxide  of  copper  and  protoxide  of  manganese  {cupreous 
manganese,  lampadite),  p.  213. 

Oxides  of  iron  {magnetite,  hematite),  and  hydrated  sesquioxide  of  iron  {limonite),  p.  228. 

Protoxides  of  iron  and  chromium  and  lime  with  sesquioxide  of  chromium  and  alumina 
{chromite),  p.  228. 

Binoxide  of  tin  {cassiterite),  p.  277. 

Proto-sesquioxide  Of  uranium  {pitchblende),  p.  285. 

Suboxide  of  copper  {cuprite),  p.  299. 

As  an  example  of  a  metallurgical  product  consisting  of  metallic  oxides  the  follow- 
ing product  from  the  cupellation  of  argentiferous  lead  may  be  taken  : 

Abstrichfrom  the  Freiberg  works. — Heated  to  incipient  redness  in  the  matrass  it  is 
unaltered.  Fuses  very  readily  on  coal,  spreads  out,  and  is  reduced  with  effervescence 
to  an  easily  fusil  le  metallic  button,  which  if  kept  in  fusion  at  a  red  heat  in  0.  P. 
emits  a  strong  odor  of  arsenic,  coats  the  coal  with  oxide  of  antimony,  afterward  with 
oxide  of  lead  also,  and  finally  behaves  like  pure  lead. 

Dissolves  readily  in  borax,  on  platinum  wire  in  0.  F.,  to  a  clear,  green  glass,  remain- 
ing green  on  cooling.  If  the  glass,  which  contains  chiefly  borate  of  lead,  with  arsen- 
ate and  antimonate  of  soda,  is  shaken  from  the  wire  and  treated  on  coal  in  R.  F.,  it 
spreads  out,  and  before-long  a  number  of  globules  of  lead  are  reduced,  which  evolve  a 
strong  odor  of  arsenic  and  coat  the  coal  with  oxides  of  lead  and  antimony. 

After  uniting  these  to  one  button,  by  employing  a  spreading  R.  F.,  removing  the 
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button  from  the  glass,  and  directing  the  E.  F.  upon  the  latter,  until  it  is  again  fused 
to  a  bead,  it  will  appear  colorless,  both  hot  and  cold. 

In  S.  Ph.  on  platinum  wire  in  O.  F.  it  also  dissolves  to  a  clear,  green  glass, 
remaining  green  after  cooling.  Upon  shaking  ofi"  this  glass  and  treating  it  a  while 
in  R.  F.  on  coal,  it  appears  green  while  hot,  but  on  cooling  becomes  opaque  and  green- 
ish-yellow. If  further  treated  with  tin  it  becomes  blackish-gray  from  reduced 
antimony,  when  cold  ;  but  if  kept  in  fusion  under  the  R.  F.  long  enough  to  expel  the 
antimony,  the  resulting  glass  on  cooling  is  opaque  red,  from  suboxide  of  copper. 

With  soda  it  is  reduced  very  quickly  to  a  gray,  somewhat  brittle,  metallic  button. 
The  fused  soda  cut  out  from  the  coal  frequently  produces  a  notable  sulphur  reaction 
on  moistened  silver  foil,  showing  that  the  abstrich  sometimes  contains  sulphate  of  lead. 
After  treating  the  reduced  lead  button  alone  on  coal  in  O.  F.,  until  all  of  the  arsenic 
and  antimony  are  volatilized,  and  then  fusing  it  with  vitrified  boracic  acid,  employing 
the  blue  flame,  the  greater  part  of  the  lead  is  dissolved  as  oxide,  and  a  button 
remains,  which  fused  with  S.  Ph.  in  0.  F.  gives  a  green  glass,  becoming  red  with  tin. 
(For  the  details  vide  general  examination  for  copper,  p.  292.) 

This  blowpipe  behavior  shows  that  the  abstrich  is  an  oxide  of  lead  containing  a 
little  oxide  of  copper,  and  combined  in  part  with  arsenic,  antimonic,  and  sulphuric 
acids. 

D.  Metallic  Sulphides,  Selenides,  and  Arsenides. 

The  plan  followed  in  examining  such  compounds  is  as  follows : 
1.  Heating  in  the  closed  tube,  for  the  reasons  given  on  p.  60.  2.  In 
the  open  tube,  p.  63.  3.  On  coal,  observing  the  directions  and 
remarks  on  p.  65,  et  seq.  Should  it  be  necessary  to  treat  the  sub- 
stance further  with  glass  fluxes,  it  must,  in  many  cases,  be  first  freed 
from  sulphur  and  arsenic,  as  far  as  possible. 

Examples. 

a.  Metallic  sulphides.     JP)'otosulpMde  of  manganese  {alabandite),  p.  211. 
Protosidphide  with  sesquisulphide  of  iron  (pyrrhotite),  p.  227. 
Bisulphide  of  iron  (pyrite),  p.  227. 
Bisulphide  with  arsenide  of  cobalt  {cobaltite),  p.  240. 
Sulphide  of  zinc  with  sulphides  of  iron  a.ad  cadmium  {zinc  blende,  black  and  brown),  p.  253. 

The  manganese  contained  in  certain    blendes    may  be  detected  by  testing  tha 

roasted  assay  with  soda  and  nitre  on  platinum  foil. 
Sitlphide  of  lead  (galena),  p.  266. 
Disulphide  of  copper  and  sulphide  of  lead  with  tersulphide  of  antimony  (boumonite), 

p.  268. 
Disulphide  of  copper,  protosulphide  of  iron,  and  sulphide  of  zinc,  vfith  bisulphide  of  tin 

(stamiite,  tin  pyrites),  p.  277. 
Tersidphide  of  bismuth  (bismuthinite) ,  p.  282. 

Disul/ihide  of  copper  with  one-third  sesquisulphide  of  iron  (bomite),  p.  296. 
Disulphide  of  copper,  protosulphide  of  iron,  sulphide  of  zinc,  and  sulphide  of  mercury 

with  tersulphides  of  antimony  and  arsenic  {tetrahedrite,  mercurial),  p.  297. 
Disulphide  of  copper,  and  sesquisulphide  of  iron  {chalcopyrite,  copper  pyrites),  p.  298. 
Sulphide  of  mercury  (cinnabar),  p.  305. 
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Sulphide  of  silver  (argenfite,  silver  glance),  p,  311. 

Sulphide  of  silver  and  disulphide  of  copper  combined  with  tersulphide  of  antimony  and  a 

little  tersulphide  of  arsenic  (poti/basite),  p.  312. 
Sulphide  ofilver  and  stersulphide  of  arsenic  {proustite),  p.  312. 
Sulphide  of  silver  and  tersulphide  of  antiuiony  (pyrargyrite,  stephanite,  miargyrite),  pp. 

312  and  313. 
Tersulphide  of  antimony  (stibnife),  p.  332. 
Protosulphide  of  iron  with  tersulphide  of  antimony  (berthierite) ,  p.  332. 

Bolistein  from  the  Freiberg  works. — Yields  nothing  volatile  when  ignited  in  the  closed 
tube.  The  powder  ignited  in  the  open  tube  evolves  sulphurous  acid,  recognized  by  the 
smell  and  with  litmus  paper.  On  the  lower  side  of  the  tube  quite  near  the  assay  a 
thin  white  coat  sometimes  forms,  which  is  not  volatile,  and  resembles  antimonate  of 
oxide  of  antimony,  or  sulphate  of  lead. 

On  coal  alone  in  E.  F.  fuses  readily  to  a  globule,  and  on  continued  reduction  forms 
two  diflferent  coats.  One,  which  is  formed  first  and  at  a  greater  distance  from  the 
assay,  is  white,  and  may  be  driven  about  with  the  O.  F.,  imparting  a  blue  tinge  to  the 
llame  when  touched  by  it,  and  leaving  a  yellow  spot ;  it  seems  therefore  to  be  sulphate 
of  lead.  The  coat  which  is  formed  later  is  light  yellow  while  hot  and  yellowish-white 
on  cooling.  If  the  outer  edge  of  it  is  heated  with  the  R.  F.  it  is  driven  to  another 
place,  tinging  the  flame  azure-blue  and  leaving  a  yellow  spot  of  oxide  of  lead.  The 
greater  part  of  the  coat  reaching  up  to  the  assay  consists  clearly  of  oxide  of  zinc,  and 
if  moistened  with  cobalt  solution  when  quite  cold,  and  cautiously  ignited  in  0.  F.,  it 
assumes  on  cooling  a  yellowish -green  color. 

By  fusing  a  sufficient  quantity  of  the  powder  with  soda  on  coal  in  R.  F.,  a  feeble 
odor  of  arsenic  may  sometimes  be  obtained.  If  a  portion  of  the  powder  is  carefully 
roasted,  p.  77,  and  tested  with  the  fluxes,  it  will  behave  as  follows  : — 

In  borax  on  platinum  wire  in  O.  F.  yields  a  deaf  yellow  glass,  showing  only  iron. 
This  treated  in  R.  F.  for  a  short  time  with  tin,  becomes  on  cooling  opaque  red  from 
copper;  after  longer  reduction  the  copper  is  reduced  out,  and  the  cold  glass  is  then 
clear  and  has  a  pure  vitriol-green  color,  owing  to  the  considerable  amount  of  iron 
present. 

In  S.  Ph.  in  0.  F.  on  platinum  wire  yields  a  glass  colored  strongly  yellow  by  iron, 
(and  sometimes  greenish-yellow,  owing  to  the  presence  of  more  copper) ;  finely-divided 
silica  may  frequently  be  seen  in  the  glass,  being  separated  from  finely-disseminated  slag, 
which  is  found  especially  in  the  upper  layers  of  the  Eohstein  after  tapping.  On  coal 
with  tin  in  R.  F.  this  glass  becomes  grayish-black  on  cooling,  owing  to  antimony;  but 
on  repeating  the  reduction  for  a  longer  time  it  becomes  red  from  suboxide  of  copper. 

Upon  mixing  the  residue  of  the  roasted  Rohslein  with  soda,  borax,  and  a  little  gran- 
ulated test  lead,  and  fusing  it  on  coal  in  R.  F.,  the  reduced  metals  combine  with  the 
lead  button.  This  is  separated  from  the  slag  and  treated  with  boracic  acid  on  coal, 
until  most  of  the  lead  is  separated,  after  which  it  is  fused  beside  S.  Ph.  on  coal  in 
O.  F.,  and  then  yields  a  glass  bead  which  is  greenish  while  hot,  but  becomes  blue  on 
cooling  (oxide  of  copper),  and  treated  with  tin  becomes  red  when  cold  (suboxide  of 
cop]ier).  A  special  assay  for  silver,  vide  quantitative  assay  for  silver  in  sulphides,  will 
show  a  little  of  that  metal. 

The  Eohstein  therefore  consists  of  sulphur,  iron,  lead,  copper,  zinc,  (antimony,  arsenic), 
and  silver. 

b.  Selenides. — Lead  with  selenium  (clausthalite) ,  p.  265. 
Mercury  with  selenium  (tiemannite),  p.  305. 

c.  Arsenides. — Iron  with  arsenic  (leucopyrite),  p.  226  • 
Cobalt  with  arsenic  (smaltite),  p.  240. 
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Nickel  with  arsenic: — 1.  Diarsenide  of  nickel  (copper  nickel,  niccolite),  p.  246.     2.  Arsen- 
ide of  nickel  (rammehbergite) ,  p.  247. 
Arsenides  of  iron,  nickel,  cobalt,  etc.,  with  sulphides  of  copper,  lead,  antimony,  etc.     (Lead 
speissfroin  the  Freiberg  Woi-ks.) 

lu  the  closed  tube  tarnishes  black,  but  yields  nothing. volatile.  In  powder  in  the 
open  tube  yields  a  distinct  sublimate  of  crystalline  arsenous  acid,  which  is  volatile ; 
occasionally  also,  near  the  assay,  there  is  a  white,  non-volatile  film,  apparently  a  com- 
bination of  antinionic  acid  with  oxide  of  antimony,  while  at  the  upper  end  of  the  tube 
sidphurous  acid  can  be  detected  by  the  odor  and  with  litmus  paper. 

Alone  on  coal  fuses  in  R.  F.  (unless  there  is  too  much  iron  present)  to  a  globule 
and  evolves  arsenical  fumes;  on  continued  blowing,  however,  the  surface  is  covered 
with  a  cnist,  which  becomes  thicker  and  thicker,  and  after  some  time  renders  the  glob- 
ule infusible ;  a  slight  lead  coat  is  also  frequently  perceptible.  Upon  adding  sufficient 
borax  and  treating  the  whole  with  the  point  of  the  blue  flame  a  metallic  button  emerges, 
which  emits  copious  fumes,  while  the  borax  glass  becomes  less  fluid,  difficultly  fusible, 
and  quite  black,  owing  to  the  slagging  of  most  of  the  iron.  A  little  of  this  black  glass 
with  borax  on  platinum  wire  in  0.  F.  shows  only  iron.  Upon  then  fusing  the  button, 
freed  from  most  of  the  arsenide  of  iron,  alone  on  coal  in  R.  F.,  arsenical  fumes  are 
again  evolved,  but  the  coal  is  slightly  coated  with  oxide  of  lead  (and  sometimes 
antimony). 

By  treating  the  button  further  with  borax,  as  described  in  detail  under  the  examina- 
tion for  iron  in  speisses,  p.  234,  it  is  found  that  after  the  first  treatment  the  borax  still 
shows  iron,  but  after  the  second  and  third  cobalt,  and  finally  further  fusion  with  borax 
shows  only  nickel.  The  remaining  arsenide  of  nickel  treated  with  S.  Ph.  in  0.  F., 
however,  yields  a  glass  which  is  green  both  hot  and  cold,  and  therefore  contains  nickel 
and  copper.  After  removing  the  button  of  arsenide  and  fusing  the  glass  a  moment 
with  tin,  it  becomes  opaque  red  on  cooling — suboxide  of  copper.  Should  the  amount  of 
copper  be  too  trifling  to  detect  in  this  way  the  arsenide  of  nickel  is  fused  with  a  button 
of  gold,  weighing  50  to  80  milligr.,  and  then  slagged  with  S.  Ph.  in  O.  F.,  until  a  fresh 
portion  of  the  salt  is  no  longer  colored  yellow,  but  green  ;  the  re  action  for  copper  may 
then  be  distinctly  produced  with  tin. 

In  this  speiss  may  be  found  therefore  :  arsenic,  sulphur,  iron,  nickel,  cobalt,  copper, 
lead,  (antimony,)  and,  by  a  special  assay,  silver. 

E.  Compounds  of  metals  containing  no  arsenic  or  sul- 
phur, or  but  very  little  of  either. 

The  plan  followed  in  examining  alloys  is  in  general  the  same  as 
for  substances  of  the  foregoing  class,  the  roasting  being,  naturally, 
omitted.  In  many  cases  one  or  other  of  the  tests  there  mentioned 
can  be  omitted,  when  the  previous  behavior  of  the  substance  has 
shown  that  no  result  would  be  attained ;  on  the  other  hand,  it  is 
sometimes  necessary  to  make  a  special  test  for  some  constituent 
which  would  not  be  recognized  during  the  general  examination. 

Examples. 

Copper  with  nickel  and  zinc  (german-silver,  packfong). — On  coal  in  R.  F.  fuses  and 
produces  a  coat  near  the  assay,  yellow  while  hot  and  while  on  cooling.  The  coat 
moistened  with  cobalt  solution  and  ignited  in  O.  F.  assumes  a  yellowish -green  color 
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on  cooling — zinc.  After  being  fused  alone  on  coal  the  button  is  then  treated  with 
borax  in  O.  F.,  long  enough  to  oxidize  and  dissolve  all  the  metals,  the  oxides  of 
which  cannot  be  reduced  from  borax  with  the  R.  F.  alone ;  the  button  is  then  removed 
from  the  glass  and  the  latter  fused  in  R.  F.,  until  all  of  the  reducible  oxides  are 
reduced  out.  It  will  now  generally  appear  blue,  and  preserve  this  color  when  fused  on 
platinum  wire  in  0.  F.,  showing  only  cobalt. 

Fused  -with  S.  Ph.  on  coal  in  0.  F.,  the  button  freed  from  cobalt  affords  a  dark- 
green  glass,  and  if  a  portion  of  this  is  fused  with  more  S.  Ph.  on  platinum  wire  in 
O.  F.  it  will  give  a  fine  green  bead,  remaining  green  on  cooling.  This  bead  shaken 
off  and  treated  with  tin  on  coal  in  R.  F.  becomes  opaque  red  on  cooling,  from  subox- 
ide of  copper,  and  the  green  S.  Ph.  glass  therefore  showed  copper  and  nickel.  The 
reddish-white,  malleable  button,  left  after  treatment  with  S.  Ph.,  may  further  yield  a 
trace  of  silver  if  cupelled  with  test  lead.  (If  the  button  is  fused  with  about  three 
times  its  weight  of  gold,  beside  borax  on  coal  in  0.  F.,  and  kept  in  fusion  for  some 
time,  the  glass  will  only  show  the  yellow  color  due  to  oxide  of  nickel,  because  copper 
combined  with  nickel  oxidizes  with  great  difficulty  in  presence  of  much  gold.) 

The  composition  of  german-silver  is  therefore  :  copper,  with  perhaps  a  trace  of 
silver,  nickel  with  a  little  cobalt,  and  zinc. 

Raw  lead  from  the  Freiberg  Works. — (The  same  reactions  will  be  afforded  by  any 
raw  lead  from  ores  similar  to  those  smelted  at  Freiberg.  Alloys  which  certainly  con- 
tain no  mercury,  and  little  or  no  other  volatile  metals,  need  not  be  tested  in  the  closed 
tube ;  this  test  is  therefore  not  made  with  raw  lead.  In  the  open  tube  it  fuses  and  is 
covered  with  oxide,  but  yields  nothing  volatile.  Fuses  very  easily  on  coal,  emits  a 
rather  strong  odor  of  arsenic,  and  coats  the  coal  at  first  with  oxide  oj  antimony,  after- 
ward copiously  with  oxide  of  lead.  A  feeble,  yellowish  coat  is  also  sometimes 
deposited  near  the  assay,  which  becomes  almost  white  on  cooling,  and  therefore  indi- 
cates zinc.  On  fusing  a  bit  of  the  lead  with  borax  on  coal  in  R.  F.,  so  that  the  borax 
glass  is  protected  by  the  flame  from  access  of  air,  a  clear,  colorless  glass  is  obtained, 
which  generally  remains  colorless  when  re-melted  on  platinum  wire  in  0.  F.  If,  how- 
ever, the  lead  is  not  quite  free  from  iron  the  glass  will  be  feebly  yellow  while  hot. 

If  another  bit  is  fused  on  coal  beside  boracic  acid  with  the  blue  flame,  the  coal  is  at 
first  coated  with  antimony,  and  a  distinct  arsenic  odor  can  be  perceived.  On  continu- 
ing the  treatment  until  only  a  small  button  remains,  and  fusing  this  with  S.  Ph.  on 
coal  in  0.  F.,  a  green  glass  results,  which  treated  with  tin  on  coal  becomes  opaque  red 
on  cooling — copper.  By  cupelling  the  button  resulting  from  the  treatment  with 
S.  Ph.  on  bone-ash  with  a  little  test  lead,  a  small  silver  button  is  obtained. 

If  a  third  bit  of  the  lead  is  fused  on  coal  in  0.  F.  with  neutral  oxalate  of  potassa 
and  borax,  and  the  fused  mass,  which  has  sunk  partially  into  the  coal,  is  laid  on  silver 
foil  and  moistened  with  water,  it  will  in  certain  cases  cause  a  black  or  brown  spot  of 
sulphide  of  silver,  showing  that  sulphide  of  lead  is  sometimes  present. 

The  raw  lead  consists  therefore  of  lead,  silver,  a  little  copper,  arsenic,  and  antimony, 
and  occasionally  traces  of  iron,  zinc,  and  sulphur. 

Black  copper,  very  impure.  The  filings  heated  to  redness  in  the  open  tube  with  the 
blowpipe  flame  evolved  a  little  sulphurous  acid,  recognized  by  means  of  moist  litmus 
paper  inserted  into  the  tube.  At  some  distance  from  the  assay  an  exceedingly  trifling 
white  coat  was  also  deposited,  which  had  the  appearance  of  oxide  of  antimony. 

Alone  on  coal  fused  with  difficulty,  evolving  no  odor,  and  giving  only  a  distinct /ead 
loat.  When  fused  with  test  lead  beside  boracic  acid,  so  as  to  leave  the  metallic  but- 
ton free  on  one  side,  there  was  likewise  no  odor,  but  while  the  lead  was  oxidizing 
and  dissolving  in  the  boracic  acid  a  white  coat  formed,  which  being  scraped  off  and 
dissolved  in  S.  Ph.  on  platinum  wire,  and  the  resulting  bead  treated  on  coal  with  tin. 
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was  recognized  as  oxide  of  antimony,  since  the  bead  became  quite  dark  gray  on  cool- 
ing. The  button  remaining  after  treatment  with  boracic  acid  was  found  to  be  free 
from  lead  when  tested  alone  on  coal,  and  was  gray  and  brittle. 

Fused  with  borax  on  coal  in  R.  F.  the  black  copper  gave  a  smalt-blue  glass,  show 
ing  oxide  of  cobalt,  and  this  glass  re-melted  on  platinum  wire  in  0.  F.  appeared  green 
while  hot,  but  blue  again  on  cooling — cobalt  and  a  little  iron. 

The  metallic  button  remaining  from  the  treatment  with  boracic  acid,  after  a  little 
residue  of  cobalt  had  been  separated  with  borax,  was  fused  on  coal  in  0.  F.  with 
S.  Ph.,  giving  a  quite  dark  green  glass,  both  hot  and  cold.  Treated  with  tin  this 
glass  became  opaque  red,  and  the  green  color  therefore  indicated  copper  and  nickel. 
The  button  yet  remaining  undissolved  was  likewise  still  gray  and  very  brittle,  and  this 
brittleness  indicated  the  presence  of  arsenic,  which  seemed  to  belong  chiefly  with  the 
nickel,  because  it  could  be  separated  neither  with  boracic  acid  nor  with  S.  Ph.  A 
special  test  for  arsenic,  p.  347,  showed  the  actual  presence  of  a  not  entirely  unimport- 
ant amount  of  that  body.  • 

This  black  copper  therefore  consisted  of  copper,  lead,  nickel,  cobalt,  iron,  antimony, 
arsenic,  sulphur,  and,  as  found  by  a  special  assay,  some  silver. 

Silver  amalgam  containing  gold,  very  impure.  Alone  in  the  closed  tube  afforded  a 
sublimate  of  metallic  drops,  which  were  collected  to  a  globule  of  mercury  by  gently 
tapping  upon  the  tube,  and  could  then  be  easily  shaken  out. 

The  porous  residue  was  first  fused  alone  on  coal,  affording  a  trifling  yellow  coat  of 
oxide  of  lead,  while  the  melted  silver  button  was  covered  with  a  crust.  Some  borax 
was  therefore  added  and  the  whole  fused  in  R.  F.,  when  an  apparently  pure  silver 
button  with  a  bright  surface  emerged,  and  the  borax  glass  was  greenish  on  cooling. 
This  glass  treated  on  another  part  of  the  coal  with  tin  assumed  the  pure  vitriol-green 
color  of  protoxide  of  iron. 

Upon  testing  the  remaining  silver  button  with  S.  Ph.  the  glass  assumed  a  green 
color  (blue  when  cold),  and,  melted  with  tin,  became  opaque  red  on  cooling — copper. 
In  order  to  refine  the  silver  perfectly  it  was  cupelled  with  test  lead  and  then  dissolved 
in  nitric  acid,  when  several  black  flakes  remained,  which  on  being  washed  with  dis- 
tilled water  and  cupelled  with  a  little  test  lead,  formed  a  pure  gold  button. 

The  amalgam  therefore  consisted  chiefly  of  silver  and  mercury,  but  contained  trifling 
admixtures  of  gold,  copper,  lead,  and  iron. 

Telluride  of  bismuth  (tetradymite),  p.  281. 

Telluride  of  silver  (hessite),  p.  311. 

Antimonide  of  silver  (dyscrasite),  p.  311. 

Platinum  with  other  metals  (native  platinum),  p.  316. 

Gold  with  silver  {native  gold),  p.  320. 


Section   III. 


QUANTITATIVE  BLOWPIPE    ASSAYS. 


Z  Preparation  of  the  substances  to  he  quantita- 
tively examined  for  certain  constituents. 

Iisr  quantitative  assays  with  the  blowpipe,  just  as  by  the  wet  pro- 
cess, the  substance  to  be  examined  must  undergo  certain  prehmi- 
nary  operations,  which  are  limited  chiefly  to  drying,  and,  in  case  of 
mixed  substances,  selecting  the  best  possible  average  sample.  Fri- 
able substances  containing  mechanically  combined  water  should  be 
dried  at  a  temperature  of  100°  C,  and  then  pulverized  in  an  agate 
mortar  If  the  substance  is  brittle,  but  not  friable,  it  is  broken  as 
fine  as  possible  between  paper  on  an  anvil ;  if  malleable,  it  is  beaten 
between  paper  into  a  thin  sheet  and  then  cut  up  with  the  scissors. 

Ores  dressed  on  a  large  scale,  even  when  they  have  not  been 
especially  dried,  usually  appear  dry  while  still  containing  several  per 
cent,  of  mechanically  combined  water;  the  same  ores  also  absorb 
moisture  again  wlien  kept  in  damp  places  in  unclosed  vessels  after 
being  dried.  A  quantity  of  these,  more  than  suflRcient  for  two 
assays,  must  be  dried  in  a  porcelain  dish  over  a  lamp,  at  about 
100°  C,  and  the  dry  ore  pulverized  in  an  agate  mortar.  Care  must 
be  taken  to  avoid  too  high  a  temperature  when  drying  ores  contain- 
ing compounds  of  sulphur  or  arsenic,  since  otherwise,  roasting, 
with  partial  decomposition  of  the  ore  and  alteration  of  weight,  may 
result. 

Minerals  and  metallurgical  products,  which  are  almost  always 
received  for  analysis  in  a  dry  state,  are  broken  up  between  paper 
on  an  anvil,  or  in  a  steel  mortar,  and  when  friable,  pulverized  in  an 
agate  mortar.  It  is  safest  to  prepare  from  the  substance  to  be 
assayed  eight  or  ten  times  the  amount  of  powder  needed  for  one 
assay,  except  in  cases  of  pure  crystals,  or  fragments  of  minerals  or 
metallurgical  products,  since,  when  too  small  a  quantity  is  used, 
there  is  no  certainty  that  a  proper  average  has  been  attained,  as 
regards  the  proportion  of  metal  present. 

For  example,  when  too  small  a  quantity  of  a  rich  dry-stamped  silver  ore,  which  may 
he  a  mixture  of  real  silver  ore  and  substances  containing  no  silver,  is  taken,  one  may 
have  too  many  rich  portions,  or  too  many  poor  portions,  which  will  give  a  very  different 
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proportion  of  metal  from  that  contained  in  the  whole.  Erom  an  ore  prepared  on  the 
large  scale,  therefore,  a  quantity  of  at  least  thirty  grammes  should  always  be  taken  from' 
various  parts  of  the  heap,  mixed  if  possible  in  an  iron  mortar  and  made  somewhat 
finer,  and  from  this  the  portion  required  for  the  blowpipe  assays,  from  eight  to  ten  blow- 
pipe centners,  taken,  dried  according  to  the  preceding  directions,  and  rubbed  quite  fine 
in  a  mortar. 

II,  Detailed  description  of  the  quantitative  assays 

with  the  blowpipe. 

1.  THE  SILVER  ASSAY. 

The  blowpipe  assay  for  silver,  first  proposed  by  Harkort,  and 
described  by  him  in  a  work  that  appeared  in  Freiberg,  in  the  year 
1827,  is  one  of  the  most  important  assays  that  can  be  made  with 
this  instrument.  It  is  possible  not  only  to  detect  in  a  short  time 
the  silver  in  any  ore,  mineral,  or  product,  but  also  to  determine  its 
amount  quantitatively  with  all  needful  accuracy.  Regard  must, 
however,  be  paid  to  the  other  substances  besides  silver,  with  which 
we  have  to  do,  and  we  must  classify  the  mineral  and  metallic  bodies, 
together  with  the  artificial  products,  in  order  to  determine  the  silver 
in  them,  and  each  of  these  classes  must  be  assayed  by  a  suitable 
method. 

They  are  classified  into : — 

A.  Ores,  minerals,  and  products  in  wliicli  the  silver  is  especially 

combined  luith  non-metallic  bodies,  and  these  further  into : 

a.  Those  containing  volatile  constituents,    viz.,   sulphur   and 

arsenic,  as  well  as  chlorine,  bromine,  and  iodine,  in  greater 
or  less  proportion,  or  such  as  are  wholly  free  from  them 
and  can  be  decomposed  by  fusion  on  coal  with  borax  and 
test  lead. 

b.  Those  containing  compounds  which  cannot  be  decomposed 

by  fusion  with  borax  and  test  lead  alone. 

c.  Those  consisting  of  metallic  oxide  that  are  readily  reduced 

on  coal. 

B.  Metallic  compounds  {alloys) ;  these  are: 

a.  Those  in  which  silver  is  the  chief  constituent,  or  in  which 

gold  occurs  with  the  silver. 

b.  In  which  copper  or  nickel  forms  the  prevailing  constituent, 

while  silver  is  only  a  minor  one. 

c.  In  which  lead  or  bismuth  is  the  chief  constituent. 

d.  In  which  tellurium,  antimony,  or  zinc  is  the  chief  constitu- 

ent. 
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e.  In  which  tin  is  the  chief,  or  else  only  an  accessory  constitu- 
ent. 
/.  In  which  mercury  is  the  prevailing  constituent. 
g.  In  which  iron  or  steel  is  the  chief  constituent. 

A,.  Assay  for  Silver  in  Ores,  Minerals,    and   Metallurgical  products   in 
which  the  silver  is  especially  combined  with  non-metallic  bodies. 

tt.  Substances  ivliich  contain  volatile  constituents,  viz.,  sulphur  and 
arsefiic,  as  well  as  chlorine,  hromiiie,  and  iodine,  in  greater  or  less 
proportion,  or  are  entirely  free  from  them,  and  can  be  reduced  by 
fusion  on  coal  with  borax  and  test  lead. 

Here  belong,  among  ores  dressed  on  a  large  scale,  such  as  contain 
more  or  less  pyrites,  chalcopyrite,  mispickel,  stibnite,  and  blende,  as 
well  as  the  minerals  above  mentioned ;  further,  all  the  so-called  DiXrr- 
erze,  consisting  chiefly  of  earthy  ingredients  and  containing  only  a 
small  portion  of  actual  silver  ores ;  all  the  ores  enumerated  on  pages 
306-308,  in  which  the  silver  occurs  in  combination  with  selenium  or 
sulphur  and  other  selenides  or  sulphides,  as  well  as  with  chlorine, 
bromine,  and  iodine ;  further,  all  the  copper  ores  enumerated  on  pages 
287-288,  in  which  the  copper  is  combined  with  selenium  or  sulphur; 
the  lead  ores  named  on  pages  257-258,  in  which  the  lead  is  present 
as  selenide  or  sulphide  of  lead;  further,  roasted  argentiferous  lead 
and  copper  ores,  all  silver  ores  and  metallurgical  products  roasted 
with  salt,  for  the  purpose  of  amalgamation  or  extraction,  and  the 
residues  from  amalgamation  or  extraction ;  finally,  among  metallur- 
gical products,  Rohstein,  lead  and  copper  matts,  cadmia,  flue  dust, 
lead  and  cobalt  speisses,  hearths  from  cupelling  and  refining  silver, 
all  sorts  of  argentiferous  slags,  and  also  the  silver  scraps  of  the  gold 
and  silver  smiths. 

1.  Weighing  and  Charging  the  Assay. 

Ores  consisting  of  a  mixture  of  rich  silver  ores  and  earthy  parts, 
which  usually  yield  in  analysis  varying  amounts  of  silver,  are  best 
weighed  out  in  two  or  three  portions  of  1  centner  =  100  milligr. 
{vide  p.  27)  each ;  on  the  contrary,  poor  silver  ores  and  crystallized 
minerals,  as  well  as  products  which  differ  very  little  or  not  at  all  in 
richness,  are  generally  weighed  out  only  once. 

The  weighed  portion  is  transferred  to  a  mixing  capsule,  into  which 
the  scale-pan  is  cleaned  with  a  brush,  and  borax-glass  and  test  lead 
are  then  added.  The  quantity  of  borax-glass  is  regulated  by  the 
fusibility  and  amount  of  the  substances  to  be  converted  into  slag. 
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The  small  spoon,  Fig.  56,  heaped  full  and  containing  about  one  decigr. 
or  one  ctr.  of  borax-glass  is  sufiBcient  for  an  assay  of  difficult  fusion,  but 
if  during  the  fusion  the  assay  seems  too  refractory,  a  small  portion 
of  this  flux  can  be  added.  Less  is  needed  with  very  fusible  ores,  or 
in  general,  such  as  have  no  earthy  admixture,  but  consist  only  of 
metallic  sulphides  which  combine  readily  with  the  lead  and  are  less 
oxidizable  than  it.  For  these  a  spoon  but  slightly  heaped,  contain- 
ing from  one-half  to  three-quarters  ctr.,  is  quite  sufficient.  With 
assays  containing  a  considerable  proportion  of  earthy  ingredients,  or 
much  iron,  cobalt,  or  tin,  the  spoon  must  always  be  heaped  full. 

The  quantity  of  test  lead  is  regulated  by  the  presence  of  other 
metals  in  the  assay  substance. 

If  it  is  a  substance  containing  not  more  than  seven  per  cent,  of 
copper  or  ten  per  cent,  of  nickel,  five  ctrs.  of  lead  are  used  for  one 
ctr.  of  assay  powder,  being  measured  in  the  test  lead  measure,  Fig. 
58 ;  if  the  substance  contains  more  than  seven  per  cent,  of  copper  or 
ten  per  cent,  of  nickel,  the  amount  of  lead  must  be  proportionally 
increased.  The  presence  of  cobalt  is  less  to  be  regarded,  as  this 
metal  is  easily  slagged  off  with  borax.  As  we  cannot  always  know 
beforehand  how  large  an  amount  of  these  metals  is  present,  it  is 
better  to  use  too  much  lead  than  too  little,  since  with  too  little  lead 
the  separation  of  the  copper  from  the  silver  is  not  thorough,  while 
the  cupellation  of  lead  rich  in  nickel  is  almost  impossible. 

The  following  minerals  and  products,  containing  partly  copper 
and  partly  nickel,  must  therefore  be  charged  with  the  indicated 
amounts  of  test  lead : — 

1  cfcr.  Chalcocite,    containing  about        80  Vo  Copper,  with  15  ctr.  test  lead. 
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When  the  substances  have  been  most  thoroughly  mingled  in  the 
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mixing  spoon,  with  the  aid  of  the  ivory  spoon  handle,  the  charge  is 
poured  into  a  soda-paper  cylinder,  made  as  directed  on  p.  42.  For 
this  purpose  the  cylinder  is  held  between  the  thumb  and  index 
finger  of  the  left  hand  and  the  mixing  spoon  with  the  same  fingers  of 
the  right  hand,  while  the  closed  end  of  the  cylinder  rests  on  the 
middle  finger  of  the  left  hand.  The  lip  of  the  capsule  is  then 
inserted  into  the  paper  cylinder,  which  is  slightly  inclined  to  one 
side,  as  far  as  seems  necessary  for  safely  pouring  in  the  charge,  the 
paper  being  pressed  against  the  lip  with  the  finger  and  thumb,  so 
that  the  capsule  cannot  fall  on  removing  the  right  hand.  The  charge 
is  then  caused  to  slide  gradually  into  the  cylinder  by  gently  tapping 
on  the  outside  of  the  capsule  with  the  brass  forceps,  and  any  adhering 
dust  is  brushed  into  the  paper.  While  the  lower  end  of  the  cylinder 
still  remains  resting  upon  the  middle  finger  of  the  left  hand  the 
upper  empty  end  is  pressed  out  flat  and  then  rolled  up  from  the  top 
downward ;  the  cylinder  thus  far  closed  is  placed  with  the  lower  end 
on  the  extremity  of  the  left  thumb,  and  the  ends  of  the  part  that  was 
rolled  together  are  bent  upward  and  toward  each  other,  making  the 
whole  perfectly  tight.  While  wrapping  up  the  charge  care  must  be 
taken  that  the  lower  end  of  the  cylinder  does  not  open  or  the  paper 
tear  in  any  part,  thus  occasioning  mechanical  loss. 

2.  The  Fusion  of  the  Assay. 

The  fusion  of  a  silver  assay  is  performed  on  coal  with  the  blow- 
pipe flame.  In  the  cross  section  of  a  good  piece  of  charcoal,  near 
one  corner,  a  deep  cylindrical  hole  is  bored  with  the  square  borer, 
Fig.  46,  the  diameter  of  which  is  about  one-third  more  than  that  of 
the  paper  cylinder ;  or  a  coal  crucible,  Fig.  ^^ 

17,  is  used,  as  shown  in  Fig.  78,  A.    The  ^-^'^f^^ 

latter  must  also  be  bored  out  as  deep  as  Jk^gx^^^gBa 

necessary,  and  the  hple  widened  from  above  ^^^^^^trr^a 

with  the  knife,  so  that  the  flame  can  be       ^^^^^  \^^^^3 
directed  between  the  assay  and  the  inside    ^^^^^W       ^^a^ 
of  the  crucible  down  to  the  bottom,  and  the        -v^/ 
assay  thus  readily  melted.    The  cylinder  is 
set  in  the  cavity  with  the  end  last  closed 

above,  and  is  pressed  down  firmly.  The  assay  is  now  inclined 
toward  the  flame,  and  a  pure,  but  at  first  not  too  violent,  reducing 
flame  directed  upon  it,  so  that  it  almost  covers  the  upper  part  of 
the  paper  cylinder. 

The  soda-paper  is  indeed  charred  in  a  few  moments,  but  the  ashes 
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are  not  disturbed  until  the  borax-glass  nas  already  fused  together  the 
separate  particles  of  ore,  so  that  they  cannot  be  blown  away.  When 
the  ashes  of  the  paper  burn  away,  exposing  a  part  of  the  charge  as  a 
fluid  slag,  mixed  with  melted  globules  of  lead,  the  whole  assay  is 
covered  with  a  strong,  but  pure,  reducing  flame,  which  has  an  in- 
clination of  30°  to  35°,  as  shown  in  Fig.  78. 

During  the  time  that  this  flame  is  used,  portions  of  the  sulphur, 
arsenic,  antimony,  zinc,  etc.,  volatilize,  but  the  greater  part  of  them, 
as  well  as  several  of  the  metals  still  combined  with  sulphur  and 
arsenic,  join  with  the  lead  and  melt  with  it  to  a  button.  The  earthy 
ingredients,  on  the  other  hand,  and  the  metallic  oxides  of  difficult 
reduction,  with  a  small  j)art  of  the  non- volatile  and  easily  oxidizable 
metals,  which  become  in  part  oxidized  by  the  first  action  of  the  heat, 
fuse  with  the  borax  to  a  slag.  With  compounds  of  silver  and  chlo- 
rine, bromine,  or  iodine,  which  are  decomposed  by  the  lead,  vapors 
of  chloride,  bromide,  and  iodide  of  lead  are  seen  to  pass  ofl". 

Although  it  generally  seems,  after  a  short  time,  as  if  the  slag  was 
quite  free  from  lead  globules,  this  must  not  be  regarded  as  satisfac- 
tory, since  beneath  the  well-fused  slag  there  are  often  unmelted  por- 
tions of  the  charge,  which  can  only  be  aflfected  by  the  blowpipe 
flame  when  this  is  directed  between  the  slag  and  coal  against  the 
bottom  of  the  crucible,  while  the  charcoal,  or  the  clay  cylinder  with 
the  crucible,  is  turned  during  the  blast  and  held  inclined  toward 
another  side,  until  the  assay  has  changed  its  position  and  turned 
over.  In  this  turning  over,  which  should  take  place  even  with  the 
most  fusible  assays,  the  bottom  of  the  paper  cylinder,  being  all  tliat 
remains  of  it,  rises  from  below,  and  comes  in  a  charred  state  to  the 
top,  or  to  one  side.  To  destroy  the  ashes  of  the  paper  the  assay  must 
then  be  so  held  toward  the  flame  that  only  that  part  of  the  slag 
where  there  is  no  paper  is  covered  by  it,  when  the  air  instantly 
rushes  in  and  the  ashes  are  consumed.  When  the  position  of  the 
elag  c,  which  has  been  covered  with  the  reducing  flame  ai,  Fig.  78, 
has  been  altered  several  times  with  regard  to  the  lead  button  d,  and 
the  slag  finally  appears  quite  fluid  and  free  from  lead  globules,  it  is 
also  certainly  free  from  silver.  The  E.  F.  is  changed  to  a  moderate 
0.  F.,  which  is  directed  against  the  lead  only,  and  at  a  somewhat 
greater  distance.  The  above-named  volatile  metals,  with  the  sul- 
phur, are  now  driven  from  the  lead,  while  some  of  the  easily  oxidiza- 
ble metals,  as  iron,  tin,  and  cobalt,  with  a  small  part  of  the  nickel 
and  copper,  are  oxidized  and  combine  in  this  state  with  the  slag ; 
only  the  silver,  with  the  greater  part  of  the  copper  and  nickel, 
remains  with  the  lead.     In  substances  containing  much  arsenide 
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of  nickel  it  is  diiB&cult  to  destroy  this  combination,  which  does  not 
combine  readily  with  the  lead,  but  remains  on  top  of  it,  and  must  be 
treated  a  long  time  with  the  0.  F.  to  oxidize  and  slag  off  all  the 
nickel  and  arsenic.  Since,  however,  this  compound  readily  yields  its 
silver  to  the  lead,  no  loss  of  silver  need  be  feared,  even  if  the  arsenide 
of  nickel  is  by  no  means  entirely  decomposed,  and  in  many  cases  it 
may  even  be  mechanically  separated  from  the  lead  with  advantage 
after  the  assay  has  cooled. 

When  the  volatile  parts  of  the  assay  are  nearly  gone,  a  part  of  the 
lead  is  oxidized,  and  with  it  a  trace  of  the  silver,  which  is,  however, 
very  trifling.  Both  oxides  are  taken  up  by  the  slag,  but  as  this  is 
always  in  contact  with  the  coal,  a  portion  of  the  dissolved  oxide  of 
lead,  exceedingly  poor  in  silver,  is  reduced  at  the  points  of  contact, 
occasioning  a  bubbling  in  the^slag.  The  slag  has  now  lost  its  spheri- 
cal shape  and  has  spread  out,  and  the  reduced  globules  of  lead,  first 
appearing  on  its  borders,  are  gradually  carried  toward  the  argen- 
tiferous lead  button  by  the  motion  of  the  slag,  and  unite  with  it. 
"When  the  volatile  matters  are  quite  gone,  the  lead  button  begins  to 
oxidize  more  rapidly  and  assumes  a  rotary  motion,  while  the  bub- 
bling in  the  slag  is  livelier.  On  observing  these  signs  the  coal  is 
inclined  a  little,  so  that  the  lead  button  may  go  to  one  side  in  case 
it  is  quite  surrounded  by  slag,  the  blast  is  stopped,  and  the  assay 
allowed  to  cool  upon  the  inclined  coal.  When  there  are  few  or  no 
constituents  that  require  to  be  volatilized  by  an  oxidizing  blast,  a 
short  treatment  only  with  the  O.  F.  iS  needed,  after  the  fusion  of  the 
silver  particles  with  the  lead  and  the  conversion  into  slag  of  the 
earthy  portions  and  the  metallic  oxides  of  difficult  reduction. 

The  fusion  may  be  regarded  as  completed  if,  after  the  assay  is  cold, 
the  argentiferous  lead  or  silver-lead,  has  a  white  color ;  if,  however, 
it  appears  black,  this  depends,  in  case  of  a  substance  free  from  cop- 
per, upon  some  sulphur  or  antimony  remaining  in  it ;  with  a  sub- 
stance containing  copper,  on  the  other  hand,  either  upon  the  copper 
alone,  or  upon  this  and  both  of  the  others  at  the  same  time.  Sul- 
phur and  antimony  can  be  removed  in  both  cases  by  treating  the 
assay  again  with  the  0.  F.,  but  the  copper  can  only  be  separated 
together  with  the  lead  during  the  cupellation.  In  assaying  any  sub- 
stance for  silver,  therefore,  a  white  lead  cannot  be  expected  if  more 
than  a  trifling  amount  of  copper  is  present,  and  we  can  only  assume 
that  the  sulphur  is  all  removed  when  the  lead  has  been  in  rather 
strong  rotary  motion  for  at  kast  one  minute.  The  complete  removal 
of  volatile  bodies  from  the  lead  by  an  oxidizing  fusion  is  necessary 
for  two  reasons ;  first,  because  the  impure  lead  is  generally  brittle, 
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and  some  of  it  may  easily  be  lost  in  breaking  off  the  slag ;  and. 
secondly,  because  it  is  liable  to  sputter  on  the  cupel,  especially  when 
containing  sulphur. 

When  the  assay  is  cold,  the  slag  and  lead  are  lifted  out  of  the 
crucible  with  a  knife,  laid  on  an  anvil,  and  the  slag  separated  as 
much  as  possible  with  a  few  strokes  of  the  hammer,  after  which  the 
lead  is  held  with  the  forceps  and  beaten  into  a  cube.  Should  a  small 
button  of  arsenide  of  nickel  adhere  to  the  lead  from  an  assay  rich  in 
nickel,  as  mentioned  above,  an  attempt  must  be  made  to  separate  it 
here,  that  it  may  not  impede  the  cupellation. 

Among  the  ores,  minerals,  and  products  to  be  fused  according  to 
the  preceding  method,  the  most  infusible  are  pyrites,  mispickel,  cer- 
tain nickel  and  cobalt  ores,  and  such  Eohsteins  as  consist  chiefly  of 
sulphide  of  iron ;  the  other  substances  in  this  class  fuse,  for  the 
most  part,  very  easily,  even  when  mixed  with  refractory  earthy 
matters. 

No  right  result  would  be  obtained  if,  as  beginners  frequently  do,  the  attempt  were 
made  to  perform  the  fusion  of  a  silver  assay  with  the  0.  F.,  since  a  considerable  amount 
of  lead  would  be  oxidized  at  the  very  beginning,  the  oxide  would  dissolve  in  the  borax, 
and  being  reduced  by  the  coal,  would  form  fresh  globules  of  lead,  which  would  abstract 
a  portion  of  the  silver  still  remaining  in  the  slag.  On  attempting,  after  a  few  moments, 
to  collect  these  separated  globules  by  varying  the  position  of  the  chief  button  in  the 
slag,  which  would  have  spread  out  to  a  great  extent  over  the  coal,  new  ones  would  con- 
stantly form  in  their  place,  which  could  not  be  distinguished  from  those  containing  silver. 
The  spreading  of  the  slag  also  renders  the  complete  fusion  of  the  charge  at  the  bottom 
of  the  crucible  difficult  or  quite  impossible,  and  an  assay  in  which  this  mistake  has  been 
committed  should  be  regarded  as  useless.  [The  utmost  care  must  be  taken  to  blow  a 
reducing  flame  only,  during  the  first  part  of  the  fusion  ;  then  the  lead  cannot  oxidize, 
the  borax  and  dissolved  bodies  will  retain  a  spherical  form  and  not  adhere  to  the  coal, 
the  assay  can,  at  the  proper  time,  easily  be  made  to  turn  over  and  expose  the  lower  part 
of  the  paper  and  charge,  and  then,  when  all  is  in  proper  fusion,  the  oxidizing  flame  is 
to  be  used  so  as  to  drive  off  the  sulphur,  etc.  While  the  flame  must  be  reducing  at 
first,  it  must  still  be  large  enough  to  keep  the  whole  mass  at  a  proper  temperature,  and 
it  must  be  borne  in  mind  that  the  heat  produced  is  nearly  as  essential  to  success  as  the 
quality  of  the  flame.  Transl.]  The  time  required  for  the  above  fusion  depends  upon 
the  assay  to  be  treated.  If  it  contains  a  large  amount  of  volatile  substances,  or  such  as 
must  be  slagged  ofi",  eight  to  ten  minutes  are  necessary  ;  if  but  little,  about  five  minutes. 
When  several  assays  are  to  be  made  the  second  can  be  fused  while  the  first  is  cooling ; 
then  the  third  is  taken  up,  and  so  on,  until  all  the  assays  weighed  out  have  been  fused. 
The  assays  must  be  arranged  according  to  their  number,  to  avoid  confusion.  When  the 
several  assays  have  been  fused  the  first  ones  will  be  cold  and  can  then  be  freed  from 
slag  in  their  proper  order.  When  but  one  assay  is  to  be  made,  the  cupel  for  it  can  be 
formed,  as  will  be  desmbed  under  cupellation,  while  the  silver-lead  is  cooling. 
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3.    CUPELLATION-   OF  THE    SiLVER-LEAD   OBTAINED   BY   THE 

Fusion. 

It  is  well  known  that  the  cupellation  of  the  silver-lead  is  an  oxid- 
ation occurring  at  a  red-heat  with  access  of  air,  by  which  the  lead 
with  other  oxidizable  metals  is  separated  from  the  silver,  which 
oxidizes  with  difficulty.  In  the  blowpipe  assay  this  oxidizing  or 
cupelling  process  is  divided  into  two  periods,  viz.,  the  Raupttreiben, 
the  chief  cupellation,  or,  as  we  will  style  it,  the  scorification,  and  the 
Feintreihen,  or  refining  cupellation,  which  we  will  call  the  fine- 
cupellation.  This  division  is  necessary  because  it  is  not  possible  to 
separate  a  large  quantity  of  lead  from  the  silver  in  one  period,  so 
that  the  latter  may  remain  in  the  form  of  a  pure  round  button,  as 
in  the  muffie  assay. 

We  will,  therefore,  now  describe  the  first  period,  or 

THE   SCORIFICATION. 

This  is  the  easiest  operation  in  the  whole  silver  assay.  A  cupel 
of  sifted  bone-ash,  p.  24,  is  struck  in  the  cupel  mould.  Fig.  49,  A, 
placed  on  the  stand.  Fig.  50,  and  the  bone-ash  heated  with  the  0. 
F.  in  all  parts  as  strongly  as  .possible,  so  as  to  remove  any  remain- 
ing hygroscopic  moisture.  If  this  heating  is  omitted,  the  steam 
escaping  during  the  fusion  is  liable  to  cause  the  lead  to  sputter  and 
be  lost.  After  heating  the  cupel,  the  lead  is  placed  in  the  middle 
of  it  with  the  forceps,  and  brought  into  fusion  with  a  rather  strong 
0.  F.,  so  that  the  oxidation  of  the  rotating  lead  begins.  During 
this  operation  the  cupel  is  inclined  slightly  backward  from  the  lamp, 
and  the  result  is  effected  most  rapidly  by  allowing  the  point  of  the 
blue  flame  to  act  directly  on  the  lead.  When  the  lead  contains  much 
copper  or  nickel  the  period  of  fusion,  before  the  oxidation  begins, 
is  somewhat  prolouged,  since  the  copper  makes  the  lead  less  fusible, 
while  the  nickel  separates  as  the  lead  begins  to  oxidize,  covering 
the  whole  surface  with  an  infusible  coat,  and  causing  a  difficult 
cupellation,  or,  with  too  little  lead,  entirely  preventing  the  operation. 
In  the  latter  case,  a  piece  of  pure  lead  of  from  two  to  four  ctr.,  ac- 
cording to  the  thickness  of  the  crust,  must  be  added  to  the  silver- 
lead  in  the  cupel,  and  then  only  is  the  cupellation  possible. 

Persons  not  accustomed  to  using  the  blowpipe  sometimes  expe- 
rience inconvenience  in  not  immediately  causing  a  large  button  of 
silver-lead  to  oxidize,  or  else  ifc  freezes  during  the  process,  becoming, 
covered  with  a  coat  of  oxidized  lead  which  they  cannot  easily  drive 
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away.  In  this  case  a  somewhat  stronger  blast  must  be  used,  and 
the  lead  touched  directly  with  the  point  of  the  blue  flame,  and  after 
this  has  acted  uninterruptedly  on  one  point  of  the  lead  button,  the 
lead  will  soon  begin  to  oxidize  again. 

When  the  lead  has  been  brought  to  the  proper 
temperature  for  cupellation,  the  tip  of  the  blow- 
pipe is  thrust  farther  into  the  flame,  so  as  to 
produce  a  fine  blue  point,  a,  Fig.  79,  which  is 
directed  at  an  angle  of  about  30°  upon  the  ox- 
idizing lead,  so  that  this  is  kept  at  a  moderate 
red  heat,  but  is  only  touched  by  the  outer 
Fig.  79.  flame,  and  on  no  account  by  the  blue  flame. 

The  surrounding  air  thus  has  free  access,  while  the  lead  (and  copper) 
absorb  a  portion  of  the  oxygen  from  it  and  become  oxidized.  The 
oxide  formed  flows  from  the  upper  surface  of  the  lead  to  the  border, 
exhibiting  prismatic  colors  caused  by  the  interference  of  light,  and 
solidifies  on  the  cupel  behind  the  button  to  a  firm  mass  called 
litharge.  Fig.  79,  c,  which  has  a  reddish  yellow  fracture  after  cooling, 
if  free  from  other  oxides.  When  the  lead  contains  yery  much  silver 
the  prismatic  colors  are  less  distinct,  and  thus  a  large  proportion  of 
silver  is  already  indicated ;  if-  it  contains  copper,  the  color  of  the 
solid  litharge  is  nearly  black. 

The  cupellation  must  proceed  at  neither  too  high  nor  too  low 
a  temperature.  If  it  is  too  hot  the  lead  begins  to  vaporize,  and 
some  silver  may  easily  be  mechanically  carried  ofi",  especially  if  the 
lead  is  rich  in  silver;  moreover,  the  litharge  does  not  cool  upon  the 
cupel,  but  sinks  into  it,  by  which  again  a  part  of  the  silver  is  lost, 
since  the  surface  of  the  lead  is  covered  with  too  little  fused  oxide  of 
lead,  and  the  silver  has  a  chance  to  become  oxidized.  If  the  cupel- 
lation is  carried  on  too  "  cold,"  and  the  temperature  is  not  high 
enough  to  continue  the  oxidation  of  the  lead,  the  latter  becomes 
covered  with  too  much  litharge,  the  motion  of  its  surface  ceases,  and 
it  freezes. 

This  mistake  is  less  injurious  than  having  too  high  a  temperature, 
since  the  frozen  assay  can  be  immediately  made  to  oxidize  again  by 
a  somewhat  stronger  flame,  without  loss  of  silver ;  but  this  must  not 
occur  often  in  the  same  assay. 

When  the  scorification  proceeds  at  the  proper  heat,  which  cannot 
be  so  clearly  described  as  perceived  by  practice,  the  litharge  collects 
around  and  chiefly  behind  the  lead,  and  solidifies.  After  a  quantity 
jf  it  has  collected,  and  the  lead  in  its  midst  has  too  little  surface 
exposed,  the  cupel  is  gradually  brought  into  another  position  with- 
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Dut  interrupting  the  operation,  so  that  the  lead,  by  reason  of  its 
weight,  may  move  to  the  side  of  the  litharge  and  expose  a  greater 
surfage  for  oxidation.  The  lead  having  finally  decreased  so  much 
that,  in  an  assay  not  very  rich  in  silver,  it  is  only  the  size  of  a 
mustard-seed.  Fig.  79,  d,  and  in  case  of  a  rich  assay,  about  two  or 
three  times  as  large,  the  cupel  is  removed  from  the  flame  by  degrees, 
so  that  the  lead  button  may  very  gradually  solidify  in  the  litharge. 
The  button  will  indeed  always  be  somewhat  raised  by  the  contrac- 
tion of  the  cooling  litharge,  but  if  too  hastily  drawn  away  from  the 
flame,  the  still  soft  button  will  be  too  violently  driven  out  by  the 
solidification  of  the  litharge,  and  a  spattering  of  the  lead,  with  loss 
of  silver,  may  easily  occur. 

Notice  must  here  be  taken  of  a  phenomenon  which  sometimes  appears  at  the  close  of 
the  scorification  of  a  lead  button  very  rich  in  silver.  When  such  lead  has  been  so  far 
oxidized  that  it  consists  of  about  six  or  seven  parts  of  silver  to  one  part  of  lead,  and 
allowed  to  cool  slovvlj  in  the  litharge  before  a  gradually  diminishing  blowpipe  flame,  a 
grayish-white,  easily  friable  mass  is  forced  out  from  the  solidifying  lead,  which  is  always 
very  rich  in  silver.  It  appears  to  be  a  sub-oxide  of  lead  mixed  with  metallic  silver,  and 
is  probably  to  be  regarded  as  a  phenomenon  allied  to  the  sprouting  of  silver,  which  will 
be  mentioned  under  the  fine-cupellation.  If  unnoticed,  the  greater  part  of  this  mass 
falls  off  in  separating  the  lead  from  the  litharge,  entailing  a  not  altogether  unimpor- 
tant loss  of  silver.  This  evil  can  be  remedied  by  treating  the  silver  button  containing 
lead  immediately  on  the  cupel  with  the  R.  F.,  or  fusing  with  it  a  small  piece  of  test 
lead,  when  the  whole  unites  into  a  button,  which  cools  with  a  clean  surface.  If,  there- 
fore, rich  ores  or  products  are  to  be  assayed,  it  is  always  well  either  to  continue  the 
scorification  only  so  far  that  the  lead  still  forms  more  than  the  sixth  part  of  the  silver, 
or,  as  this  cannot  always  be  known  beforehand,  not  to  stop  the  process  until  the  silver 
is  nearly  free  from  lead,  in  either  of  which  cases  the  phenomenon  will  not  appear. 

After  the  scorification,  the  lead  button,  which  is  in,  or  surrounded 
by,  the  litharge,  is  taken  out  together  with  it,  and  when  cool  is  freed 
from  all  adhering  litharge,  which  is  very  easily  done  by  laying  the 
whole  on  an  anvil  and  pressing  off"  the  fragile  litharge  from  around 
the  button  with  the  broad  face  of  the  hammer,  without  touching 
the  button;  any  remaining  litharge  may  then  be  removed  by  a  few 
strokes  of  the  hammer. 

THE   PIKE-CUPELLATIOJ^. 

This  requires  more  care  and  practice  than  the  preceding  operation. 
The  bone-ash  remaining  from  the  scorification  which  is  not  per- 
meated by  oxide  of  lead  is  broken  up  with  the  small  iron  spatula, 
covered  over  with  enough  elutriated  bone-ash  to  fill  the  cupel  mould, 
and  after  placing  on  it  the  proper  stamp,  it  is  struck  with  a  few 
blows  of  the  hammer  into  a  cupel  for  the  fine-cupellation.  This  is 
then  thoroughly  heated  as  before,  and  if  any  cracks  form,  or  por- 
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tions  of  the  bone-ash  become  loosened  during  the  heating,  from 
moisture  remaining  in  the  bone-ash,  the  fault  can  be  at  once  reme- 
died by  placing  the  clean  stamp  upon  it  and  striking  it  once  or  twice 
gently.  For  this  purpose  the  mould  must  of  course  be  removed  from 
the  stand  to  the  anvil. 

The  lead  button,  d,  Fig.  79,  is  then  placed  with  the  forceps  upon 
the  cupel,  so  that  it  may  lie  nearer  the  left-hand  edge  than  the  mid- 
dle. Fig.  80,  that  any  adhering  substance  may  re- 
main at  the  edge  when  the  button  moves  toward 
the  middle,  and  may  not  prevent  the  formation  of 
a  spherical  silver  button  during  the  fine-cupella- 
tion.  The  cupellation  is  then  carried  on,  observ- 
ing the  following  directions.  First,  the  cupel  is 
brought  near  the  lamp  flame,  with  the  stand  so 
much  inclined  in  an  opposite  direction,  that  the 
Fig.  80.  lead  button,  which  is  on  the  further  side,  cannot 

roll  down  before  it  has  become  fused.  The  button 
is  then  heated  with  the  0.  F.,  directed  downward  as  much  as  pos- 
sible, until  it  fuses  and  begins  to  oxidize.  As  soon  as  this  takes 
place,  the  stand  is  gradually  brought  into  a  vertical  position  and  the 
flame  ah  directed  at  an  angle  of  40°  to  45°  upon  the  cupel,  toward 
the  middle  of  which  the  button  is  moving,  so  as  to  heat  the  bone- 
ash  directly  about  the  button  and  keep  it  as  much  as  possible  in 
a  constant  glow  around  it.  This  is  best  effected  by  moving  the 
cupel  slowly  around  in  a  small  circle  before  the  blowpipe  flame,  the 
direction  of  which  remains  unaltered,  at  the  same  time  inclining  the 
stand  as  required  toward  the  flame,  and  giving  it,  if  necessary,  a 
slight  rotary  motion.  Without  touching  the  assay  with  the  flame, 
a  strong  enough  heat  must  be  imparted  to  the  bone-ash  to  keep  the 
assay  in  oxidation  without  allowing  it  to  become  quiet,  or  to  freeze. 
Should  this  happen,  the  solidified  lead  must  be  brought  for  a 
moment  nearer  the  flame,  so  as  to  cause  it  to  oxidize,  and  the  cupel 
then  immediately  moved  slowly  about  in  a  circle  before  the  flame 
again.  The  cupellation  proceeds  better,  the  drier  the  surface  of  the 
bone-ash;  that  is,  the  more  perfectly  the  litharge  sinks  into  it.  If 
the  bone-ash  is  not  strongly  enough  heated  it  becomes  covered 
with  a  thin  coat  of  litharge,  in  which  the  button  begins  to  swim 
about  rapidly,  and  even  if  this  does  not  ruin  the  assay  it  is  still  very 
difficult  to  detach  the  silver  button  from  the  cupel,  and  thus  an 
uncertain  result  is  caused. 

It  is  not  indispensable,  and  in  case  a  large  amount  of  lead  remains 
with  the  silver  not  possible,  to  complete  the  fine-cupellation  on  one 
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spot  of  the  cnpel,  but  the  button  may  just  as  well  be  allowed  to  roll 
from  one  place  to  another,  only  keeping  the  bone-ash  around  the 
button  at  a  red  heat  without  touching  the  latter  with  the  flame. 
When  the  last  portions  of  lead  have  been  oxidized  from  a  lead  but- 
ton poor  in  silver,  the  rotary  motion  of  the  remaining  silver  button 
may  cease  without  a  change  of  color;  the  heat  is  then  raised  to 
remove  entirely  the  last  thin  coating  of  litharge,  which  separates 
with  the  most  difficulty,  and  the  silver  button  is  allowed  to  cool 
slowly  by  gradually  removing  it  from  the  flame.  It  can  be  exam- 
ined with  the  glass,  to  see  whether  it  has  the  pure  silver  color,  with 
a  bright  surface,  or  whether  it  requires  further  heating.  If  the  lead 
is  rich  in  silver  a  play  of  color  is  seen  about  five  or  ten  seconds 
before  the  "  brightening"  of  the  pure  silver,  while  the  last  portion 
of  lead  is  separating  as  litharge.  Colors  appear,  similar  to  those  in 
the  scorification,  but  they  are  much  finer,  on  account  of  the  thinner 
coating  of  litharge  which  reflects  better  and  causes  more  perfect 
interference  of  the  light.  They  also  vanish  entirely  as  soon  as  the 
silver  is  pure. 

So  long  as  the  fine  prismatic  colors  appear  the  cupel  should  be 
moved  about  in  a  circle  before  the  oxidizing  flame,  so  that  the  metal- 
lic button  is  nearly  touched  by  the  tip  of  the  blue  flame  and  is  driven 
from  one  point  to  another,  while  the  blast  must  not  cease  until  the 
surface  of  the  silver  is  quite  free  from  litharge,  which  can  be  very 
well  seen  with  a  rich  assay.  As  soon,  however,  as  it  shows  a  clean 
surface  the  assay  must  be  very  gradually  removed  from  the  flame 
and  the  silver  allowed  to  cool  slowly. 

"When  a  large  silver  button  is  heated  for  some  time  after  it  has 
brightened,  some  silver  may  easily  volatilize,  as  can  be  seen  from  the 
rose-colored  coat  that  forms  on  the  cupel ;  moreover,  here  and  there 
on  the  bright  surface  of  the  fluid  silver  button  dull  spots  appear 
near  each  other,  having  the  appearance  of  foreign  substances,  which 
finally  form  a  crust,  and  have  a  dull  silver-white  color  when  the 
button  is  cold.* 

The  silver  button  must  be  slowly  cooled  to  prevent  the  so-called 
sprouting,  a  phenomenon  due  to  the  absorption  by  the  silver  of  a 
small  amount  of  oxygen  during  the  cupellation,  and  this  escaping 
again  at  the  moment  of  solidification  may  easily  cause  some  loss. 

In  cupelling  silver-lead  containing  such  a  quantity  of  copper  that  it 
cannot  be  completely  oxidized  at  the  same  time  with  the  lead,  the 
silver   button   generally  spreads   out  during  the  brightening,  and 

*  These  appear  to  be  a  combination  of  silver  and  oxide  of  silver,  and  may  probably 
be  regarded  as  over-refined  silver,  analogous  to  over-refined  copper. 
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althougli  it  appears  white  after  cooling,  is  often  anything  but  free 
from  copper.  Such  a  button  must  be  melted  immediately,  while  still 
on  the  cupel,  with  one  centner  of  fused  test  lead,  or  if  so  small  as  to 
require  measuring  on  the  scale,  with  one-fourth  to  one-half  ctr.,  and 
cupelled  fine  on  another  part  of  the  cupel,  so  that  it  may  become 
round  and  quite  pure.  It  is  better  to  perform  the  final  cupellation 
of  a  very  cupriferous  lead  in  this  way  than  to  add  at  the  start  as 
much  lead  as  is  necessary  for  the  perfect  separation  of  the  copper, 
since  in  many  cases  almost  twice  as  much  test  lead  would  then  be 
required  and  the  fusion  and  cupellation  would  be  rendered  more 
difficult.  If  in  the  scorification  the  proportion  of  copper  oxidized 
with  the  lead  was  as  great  as  in  the  succeeding  fine-cupellation,  the 
copper  could  be  separated  by  the  first  fine-cupellation,  but  as  this  is 
not  the  case  the  copper  can  only  be  removed  by  a  second  refining 
cupellation  with  a  small  quantity  of  test  lead. 

Slight  obstacles  sometimes  arise  in  the  fine-cupellation  of  the  silver-lead,  which  if 
disregarded  may  exercise  a  very  bad  influence  in  determining  the  weight  of  the  silver 
button  on  the  measuring  scale. 

1 .  In  spite  of  all  care  a  bit  of  bone-ash  or  something  else  may  adhere  to  the  lead, 
and  if  the  operation  were  continued  without  regard  to  this  there  would  be  danger  of  the 
silver  button  adhering  to  it,  or,  if  very  small,  getting  under  it,  and  it  would  in  any  case 
receive  a  very  irregular  shape.  It  is  then  better  to  interrupt  tlie  cupellation.  Lay  a 
little  piece  of  fused  test  lead  near  the  button  and  melt  the  two  together,  after  which 
they  are  again  cupelled.  By  this  means  the  mass  of  lead  is  increased,  and  when  the 
cupel  is  inclined  to  one  side  has  weight  enough  to  break  away  from  the  adhering  object 
and  move  to  another  part  of  the  cupel,  on  which  it  can  be  cupelled  perfectly  fine. 

2.  When  the  necessary  practice  in  cupellation  is  wanting,  too  low  a  heat  is  some- 
times used  and  the  litharge  surrounds  the  button  as  in  the  scorification,  instead  of  sink- 
ing into  the  cupel.  The  cupellation  must  then  be  stopped,  and  the  button,  if  large 
enough,  separated  from  the  litharge  with  the  forceps,  or  if  already  too  small,  it  must 
be  melted  with  a  small  piece  of  test  lead  (50-60  milligr.),  and  on  cooling  detached  from 
the  litharge ;  in  both  cases  the  fine-cupellation  is  completed  on  a  newly  made  and  heated 
cupel. 

3.  Sometimes,  on  account  of  too  low  a  temperature  of  the  cupel,  the  silver  button 
remains  surrounded  during  the  brightening  by  a  little  litharge,  which  has  not  sunk  into 
the  bone-ash,  and  the  button,  although  apparently  pure,  cannot  be  easily  separated  from 
the  adhering  litharge  in  a  clean  state.  The  button  with  the  litharge  must  then  be 
strongly  heated  with  the  0.  F.,  at  some  distance,  until  all  the  litharge  has  sunk  in, 
leaving  behind  the  pure  button,  which  is  allowed  to  cool  slowly. 

DETERMINATION  OF  THE  WEIGHT  OF  SILVER  BUTTONS  OBTAINED  BY 

THE  ASSAY. 

If  too  large  for  the  scale  (p.  28.)  the  silver  button  is  raised  from 
the  cupel  with  the  steel  forceps,  Fig.  39,  held  firmly  and  all  adhering 
bone-ash  removed  with  a  stiff  brush,  after  which  it  is  weighed  with 
the  assay  weights  described  on  p.  37.     If  the  buttim  is  so  small  that 
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its  weight  can  be  better  determined  on  the  scale  than  the  balance,  it 
must  be  carefully  detached  from  the  cupel  with  the  small  brass 
forceps,  p.  36,  so  that  it  may  retain  its  shape,  while  a's  little  bone- 
ash  as  possible  adheres  to  it.  If  too  strongly  pressed  its  diameter 
will  be  altered,  and  if  any  bone-ash  adheres  to  it,  the  button  cannot 
be  accurately  measured  when  placed  on  its  flat  side.  The  best 
method  of  proceeding  is  as  follows:  First  place  the  cupel  mould 
upon  the  anvil,  then  carefully  insert  the  sharp  end  of  the  small  iron 
spatula,  or  the  point  of  a  small  knife,  between  the  button  and  the 
bone-ash  and  detach  it  from  the  cupel,  holding  it  meanwhile  with 
the  small  forceps,  after  which  it  is  cleaned  by  rolling  it  between 
paper  underneath  the  finger  on  the  table,  and  placed  upon  the  scale. 
The  mode  of  operating  in  measuring  such  a  button,  or  determining 
the  amount  of  silver  generally,  on  the  scale,  has  been  already  given 
under  the  description  of  the  scale  on  p.  28,  et  seq.  The  liability  of 
silver  to  oxidize  causes  a  loss,  called  the  ciq^ellatmi  loss,  in  cupelling 
argentiferous  lead  in  the  muffle.  The  same  loss  occurs  in  the  blow- 
pipe assay,  not  only  in  the  fine-cupellation,  where  the  litharge  sinks 
into  the  bone-ash,  but  also  in  a  less  degree  during  the  scorification 
and  during  the  fusion  of  the  ore,  while  the  assay  is  subjected  to  the 
0.  F.  It  is,  however,  less  than  that  which  occurs  in  the  muffle 
assay,  where  all  the  litharge  formed  in  cupelling  the  lead  must  sink 
into  the  mass  of  the  cupel. 

With  only  one  per  cent,  of  silver  this  loss  is  scarcely  perceptible 
on  the  balance,  but  it  becomes  appreciable  as  the  button  to  be  weighed 
grows  larger,  and  if  reckoned  by  percentage  it  increases  again  as  the 
button  becomes  smaller ;  it  also  alters  as  the  quantity  of  lead  to  be 
cupelled  increases  or  diminishes,  but  remains  constant  in  other 
respects,  for  each  separate  proportion  of  silver,  if  the  same  quantity 
of  lead  is  always  used  and  the  proper  temperature  employed  in  the 
cupellation.  Plattner  has  sought  by  careful  experiments  to  ascertain 
the  loss  that  occurs,  with  a  proper  temperature  for  the  cupellation, 
for  every  weighable  amount  of  silver  down  to  one  per  cent.,  with 
varying  quantities  of  lead.  The  tabular  arrangement  of  the  values 
found  is  given  on  pp.  412-413.  Since,  according  to  p.  400, 
cupriferous  silver  ores  and  minerals  are  charged  with  5,  7, 10, 12,  and 
15  ctrs.  test  lead,  according  to  the  amount  of  copper  they  contain, 
while  the  silver  button  obtained  by  their  cupellation  can  only 
be  completely  refined  by  adding  one  more  centner  of  test  lead,  their 
cupellation  loss  is  given  at  once  for  the  whole  amount  of  lead,  viz., 
6,  8,  11,  13,  and  16  ctrs. 

If  the  blowpipe  balance  described  on  p.  26  is  so  delicate  as  to 
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TA 

•Showing   the   Loss   which   occuks   in    Cupelling 


Weight  of 

THE   SILVER  BUTTON 
OBTAINED    BY 
CUPELLATION. 


The  assay  contains  the  following  amounts  of 


80  to  99  Vo. 


60  to  79  Vo. 


30  to  59  Vo. 


10  to.  29  Vo. 


And  has  been  charged  and  cupelled 


16  ctrs.  lead. 


13  ctrs.  lead. 


11  ctrs.  lead. 


8  ctrs,  lead. 


The  cupellation  loss   suffered  by   the 


Milligrammes. 


Milligr. 


Milligr. 


Milligr. 


Milligr. 


99.5  to  99.75 

90. 

0.83 

80. 

0.75 

70 

0.82 

0.68 

60 

0.74 

0.61 

5a 

0.65 

0.54 

40 

0.62 

0.55 

0.46 

35 

0.57 

0.50 

0.42 

sa 

0.51 

0.45 

0.38 

25. 

0.45 

0.40 

0.34 

20. 

0.45 

0.39 

0.35 

0.29 

15. 

0.37 

0.32 

0.28 

0.23 

12. 

0.32 

0.26 

0.23 

0.19 

10. 

0.27 

0.23 

0.20 

0.17 

9. 

0.25 

0.21 

0.18 

0.16 

8. 

0.22 

0.18 

0.16 

0.15 

7. 

0.20 

0.16 

0.14 

0.13 

6. 

0.17 

0.14 

0.12 

0.11 

5. 

0.14 

0.12 

0.11 

0.10 

4. 

0.11 

0.10 

0.09 

0.08 

3. 

0.09 

0.08 

0.07 

0.06 

2. 

0.07 

0.06 

0.05 

0.04 

1. 

0.05 

0.04 

0.04 

0.03 

indicate  0.05  milligr.,  the  cupellation  loss  can  be  reckoned  with  both 
decimal  places,  and  for  silver  buttons  weighing  between  70  and  60, 
or  50  and  60,  etc.,  milligr.,  it  can  be  reckoned  from  the  diflFerence. 
Eor  instance,  from  one  ctr.  of  a  rich  silver  ore,  which  was  charged 
with  five  ctrs.  of  test  lead,  a  silver  button  is  obtained  weighing 
53.45  milligr.  Since  the  difference  between  50  and  60  is  10,  and 
53.45  would  fall  at  about  the  third  part  of  this  difference,  the  loss 


for  this  proportion  of  silver  would  be  0.32  + 


0.36  -  0.32 


=  0.32  +  0.03 
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BLE 

Silver   with   vabious   amounts    of    Test    Lead.  • 


» 
copper : 

THE    ASSAT    CONTAINING    NO    COPPEE,     OR    LESS 
7  Vo,     HAS    BEEN     CHARGED    AND     CUPELLED    "^ 
TTTK    TrnT.T.n-WTvn     amottwts    Civ    ttsati 

}    THAN 

7  to  9  Vo. 

SVITH      • 

with: 

6  ctrs.  lead. 

5  Ctrs. 

4  ctrs. 

3  ctrs. 

2  ctrs. 

1  Ctr. 

silver  present 

in  the  assaj 

1-   is  : 

Milligr. 

INElHgr. 

Milligr. 

'    Milligr. 

Milligr. 

Milligr. 

0.50 

0.45 

0.39 

0.32 

0.25 

0.69 

0.47 

0.42 

0.36 

0.29 

0.22 

0.64 

0.44 

0.39 

0.33 

0.26 

0.20 

0.58 

0.40 

0.35 

0.29 

0.23 

0.18 

0.52 

0.36 

0.30 

0.26 

0.20 

0.16 

0.46 

0.32 

0.26 

0.23 

0.17 

0.14 

0.39 

0.27 

0.22 

0.20 

0.15 

0.12 

0.36 

0.25 

0.20 

0.18 

0.13 

0.11 

0.32 

0.22 

0.18 

0.16 

0.12 

0.10 

0.29 

0.20 

0.16 

0.14 

0.10 

0.25 

0.17 

0.14 

0.12 

ETC. 

0.20 

0.15 

0.12 

0.10 

ETC. 

0.17 

0.13 

0.11 

0.15 

0.11 

0.10 

ETC. 

0.14 

0.10 

0.13 

0.09 

ETC. 

0.12 

0.08 

0.10 

0.07 

0.09 

0.06 

0.07 

0.05 

0.05 

0.04 

■ 

0.04 

0.03 

0.03 

0.02 

=  0.33  milligr.,  and  the  true  amount  of  silver  in  the  ore  would  be 
53.45  +  0.33  =  53.78  per  cent. 

When  the  balance  will  only  indicate  0.1  milligr.  with  difficulty,  it 
is  unnecessary  to  reckon  the  cupellation  loss  with  more  than  one 
decimal  figure,  reckoning,  however,  as  0.1  each  figure  in  the  second 
decimal  place  which  is  greater  than  5.* 


*  Beginners,  lacking  the  necessary  practice,  are  apt  to  cupel  too  hot,  and  may  still 
get  too  low  a  value,  even  after  reckoning  in  the  cupellation  loss,  as  given  in  the  tables. 
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Naturally  the  cupellation  loss  is  only  to  be  added  for  assays  thai 
do  not  serve  as  a  control  on  commercial  assays  of  ores ;  moreover, 
in  blowpipe  assays,  where  the  silver  must  be  measured  on  the  scale, 
the  loss  is  not  reckoned  in,  because  the  proportion  of  silver  is  sc 
trifling  that  the  cupellation  loss  is  often  less  than  the  error  that  may 
occur  in  the  measurement  itself. 

Should  the  amount  of  silver  in  the  substance  to  be  assayed  be  so 
small  that  it  comes  among  the  lowest  lines  of  the  scale,  it  is  safer 
for  an  unskillful  person  to  weigh  out  several  centners  of  the  prepared 
assay  powder,  charge  them  each  with  the  necessary  amount  of  borax 
and  test  lead,  fuse  the  prepared  assay  according  to  the  method  pre- 
viously described,  and  then  scorify  the  pieces  of  silver-lead  so  obtained 
by  twos,  or  threes,  at  a  time,  down  to  small  buttons.  These  small 
buttons,  in  which  the  amount  of  silver  is  already  considerably  con- 
centrated, are  then  scorified  all  together  on  a  fresh  cupel,  and  the 
resulting  button  is  cupelled  fine. 

In  this  way  the  silver  is  united  to  one  large  button,  the  weight  of 
which,  as  given  on  the  scale,  need  only  be  divided  by  the  number  of 
centners  weighed  out  to  find  the  amount  in  one  centner.  It  is 
assumed,  however,  in  such  a  concentration  assay,  that  the  test  lead 
is  quite  free  from  silver;  otherwise  the  amount  of  silver  in  the  quan- 
tity used  must  be  determined  by  concentrating  an  equal  amount, 
cupelling  it,  and  deducting  the  silver  found  from  the  result  previously 
obtained. 

h.  Assay  of  minerals  containing  compounds  which  cannot  he  decom- 
posed  hy  fusion  with  horax  and  test  lead  alone  on  coal. 

Molybdenite  is  such  a  mineral,  and  an  argentiferous  specimen  of 
this  from  the  Zwitter  of  the  Altenberg  tin  stocJcwerh  in  Saxony 
contained,  according  -to  Plattuer,  0.176  %  silver.  This  mineral  is 
neither  decomposed  nor  dissolved  by  borax,  but  is  decomposed  very 
easily  with  effervescence  by  soda,  and  regard  must  be  had  to  this 
behavior  in  the  fusion  of  the  assay.  A  small  quantity  of  the  molyb- 
denite is  first  broken  up  as  much  as  possible  in  the  steel  mortar,  or 

In  order  to  learn  by  practice  the  temperature  to  be  used  in  cupelling,  particularly  in  the 
fine-cupellation,  an  accurately  weighed  button  of  pure  silver  is  fused  with  five  ctrs.  of 
test  lead,  under  a  cover  of  borax-glass  in  the  R.  F.,  and  after  cupelling  the  silver-lead 
thus  formed  the  pure  silver  button  is  weighed  again.  If  the  loss  is  greater  than  that 
given  in  the  table  for  a  button  of  this  weight,  it  has  been  cupelled  too  hot,  provided 
there  has  been  no  mechanical  loss ;  if  it  is  not  greater,  the  proper  heat  was  employed. 
Generally  the  greatest  loss  occurs  in  the  fine-cupellation. 
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oetween  paper,  if  it  cannot  be  pulverized  in  the  agate  mortar,  ana 
then  1  ctr.  is  weighed  out  and  mixed  with  1^  ctrs.  soda, 

1^  "  borax-glass,  and 
5  "  test  lead. 
This  charge  is  wrapped  up  and  fused  like  any  other  assay.  The 
molybdenite  is  decomposed  by  the  soda,  its  sulphur  combining  with 
the  radical  of  the  soda  to  form  sulphide  of  sodium,  while  the  liber- 
ated molybdenum  partly  combines  with  the  test  lead  and  partly 
volatilizes,  coating  the  coal  white.  When  the  slag  flows  quietly,  and 
there  are  no  more  scales  of  molybdenite  to  be  seen,  the  lead  button, 
which  generally  lies  under  the  slag,  is  caused  to  come  out  by  inclin- 
ing the  coal  or  crucible,  and  is  treated  with  the  0.  F.,  until  all  the 
molybdenum,  which  forms  an  almost  white  and  somewhat  brittle 
alloy  with  the  lead,  is  volatilized,  and  then  the  assay  is  allowed  to 
cool.  The  addition  of  borax  is  necessary  to  prevent  the  sulphide  of 
sodium  from  spreading  over  the  coal.  The  lead  is  cupelled  as  before 
described. 

c.  Assay  of  metallurgical  products  loliich  consist  of  metallic  oxides 

and  are  easily  reduced  on  coal. 

Litharge  and  alstrich  belong  here.  When  resulting  from  the 
smelting  of  argentiferous  lead  ores  they  always  contain  silver,  even 
though  in  very  small  quantities,  probably  present  as  oxide.  They 
are,  however,  generally  so  poor  in  silver  that  the  amount  cannot 
always  be  exactly  determined  from  one  blowpipe  assay  centner ;  but 
as  they  mostly  consist  of  oxide  of  lead  alone,  which  is  very  easily 
reduced,  a  large  quantity  can  be  taken,  and  the  determination  of  the 
silver  is  free  from  difficulty. 

Five  ctrs.  of  each  of  these  products  is  weighed  out  in  the  form  of 
powder,  mixed  with  an  even  spoonful  of  soda  and  the  same  amount 
of  borax-glass,  and  the  charge,  wrapped  in  soda-paper,  is  treated 
in  a  cavity  in  good  charcoal,  or  in  a  properly  cut  coal  crucible, 
with  the  E.  F.,  until  all  the  oxide  is  reduced  and  the  slag  lies 
beside  it,  as  a  spherical  bead,  free  from  lead  globules.  Toward  the 
end,  however,  the  flame  must  be  directed  rather  on  the  slag  than 
on  the  reduced  lead,  otherwise  a  violent  movement  of  the  lead 
would  ensue,  with  a  possible  loss  of  silver. 

The  lead  reduced  from  litharge  sometimes  contains  traces  of 
copper,  but  is  generally  free  from  volatile  metals,  while  that  from 
abstrich  often  contains,  besides  a  little  copper,  some  antimony, 
arsenic,  zinc,  etc.    These  ingredieuts  separate  when,  after  ending 
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the  fusion,  the  slag  alone,  by  the  side  of  the  lead,  is  treated  with 
the  E.  F.    The  silver-lead  is  cupelled  as  in  any  other  assay. 

B.  Metallic  Compounds. 
a.  In  which  the  silver  is  a  chief  ingredient. 

Here  are  to  be  classed :  native  silver,  brightened,  ceriient,  refined, 
retort,  dindijeivellers^  silver,  and  silver  coins. 

No  regular  fusion  of  the  substances  is  necessary,  but  they  must  be 
melted  together  with  test  lead,  in  order  to  separate  by  cupellation, 
together  with  the  lead,  the  easily  oxidizable  metals  that  are  mixed 
■with  the  silver.  As  these  substances  cannot  be  readily  pulverized,  it 
is  unnecessary  to  weigh  out  exactly  100  milligr.  for  an  assay,  but  a 
piece  can  be  chiselled  or  broken  off,  which  weighs  from  80-100 
milligr.,  but  not  more.  If  the  surface  is  not  clean,  it  must  be  made 
so  by  filing,  before  breaking  it  up. 

The  clean  fragment  is  accurately  weighed,  placed  in  a  hole  made 
in  charcoal  with  the  borer.  Fig.  46,  or  in  a  coal  crucible,  and  covered 
with  one  ctr.  test  lead  and  half  a  spoonful  of  borax-glass,  if  it  is 
native  silver,  brightened,  cement,  or  fine  silver ;  but  if  it  is  a  cuprif- 
erous retort  or  refined  silver,  or  other  silver  alloyed  with  copper, 
it  must  be  mixed,  according  to  the  proportion  of  copper,  with  two 
to  five  ctrs.  lead  and  half  a  spoonful  of  borax-glass.  The  fusion  is 
made  with  the  R.  F.,  and  the  test  lead  soon  unites  with  the  metallic 
compound  and  acquires  a  rotary  motion.  The  union  of  the  separate 
metals  may  be  considered  perfect  when  this  has  lasted  a  few 
moments ;  the  blast  is  stopped,  the  whole  allowed  to  cool,  the 
fused  assay  raised  from  the  coal,  and  the  borax-glass  separated  as 
carefully  as  possible  from  the  lead  with  a  few  strokes  of  the  hammer. 
Although  the  lead  can  be  easily  combined  with  silver,  copper,  and 
many  other  metals  by  the  blowpipe  flame  on  coal  without  adding 
borax-glass,  some  of  it  readily  oxidizes  when  it  acquires  a  rotary 
motion,  and  tlie  oxide  formed  being  immediately  reduced  again  on 
coming  into  contact  with  the  coal,  produces  such  a  violent  com- 
motion in  the  fluid  metals  that  spattering  may  easily  occur.  If, 
however,  a  little  borax-glass  is  added  and  ^treated  uninterruptedly 
with  the  E.  F.,  the  lead  fuses  easily  with  the  metallic  compound, 
and  assumes  the  rotary  motion  without  the  occurrence  of  the  evil 
mentioned. 

The  silver-lead  is  cupelled  as  before  described.  Compounds  which 
have  been  fused  with  but  one  ctr.  of  lead  can  be  subjected  at  once 
to  fine-cupellation,  but  this  is  less  to  be  recommended  with  a  greater 
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amount  of  lead,  and  at  all  events  only  for  a  practiced  person.  In 
this  case  the  oxidizing  lead  button,  rich  in  silver,  is  caused  to  move 
away  from  the  litharge  to  a  free  spot  on  the  bone-ash,  by  slightly 
inclining  the  cupel,  and  is  here  cupelled  to  fine  silver  witliout  letting 
it  come  in  contact  with  the  heaped  up  litharge.  Should  the  metal- 
lic compound  contain  several  per  cent,  of  copper,  opportunity  for 
oxidation  must  be  afforded  to  this  metal  as  much  as  possible  during 
the  scorification,  so  that  in  the  fine-cupellation  the  rest  of  the  cop- 
per may  be  separated  by  adding  only  one  ctr.  of  test  lead,  according 
to  p.  410. 

When,  therefore,  a  rich  lead,  containing  a  considerable  quantity 
of  copper,  is  to  be  treated,  the  oxidizing  lead  must  not  be  surrounded 
by  too  much  litharge  in  the  scorification,  but  the  cupel  must  be  con- 
stantly held  in  a  somewhat  inclined  position,  so  that  the  surface  of 
the  lead  may  be  as  free  as  possible  and  the  cojjper  may  liave  sufii- 
cient  opportunity  to  oxidize  also.  The  silver  button  is  removed 
from  the  cupel  with  the  pliers.  Fig,  39,  and  then  freed  from  the 
adherent  fragments  of  the  cupel  by  holding  it  firmly  and  pressing  it 
upon  the  anvil,  or  it  is  held  edgewise  on  the  anvil  with  the  small 
forceps  and  struck  a  few  light  blows  with  the  hammer.  As  already 
remarked,  one  hundred  milligr,  of  these  metallic  compounds  will  be 
rarely  weighed  out,  and  the  silver  obtained  must  be  reckoned  for  one 
ctr.,  with  due  regard  to  the  cupellation  loss.  When  the  compound 
contains  gold,  the  amount  of  this  is  determined  by  the  process  given 
under  the  gold  assay,  and  deducted  from  the  weight  of  the  silver. 

K  Assay  of  metallic  compounds  in  lohicli  copper  or  niclcel  forms  the 
cliief,  and  silver  only  a  minor  ingredient. 

Here  are  to  be  reckoned :  Uach  copper,  raw  copper,  refined  copper  ; 
also,  argentiferous  copper  coins,  under  which  head  most  of  the  small 
silver  coins  may  be  included  (in  Germany),  brass,  German  silver, 
etc. 

A  small  quantity  must  be  prepared  from  a  clean  surface  of  the 
substance,  by  beating  it  out  and  cutting  it  with  the  scissors,  or  by 
filing,  so  that  an  assay  may  be  easily  weighed  out.  In  the  case  of 
black  copper,  raw  copper,  refined  copper,  argentiferous  copper  coins, 
and  German  silver,  one  ctr,  is  charged  with  twenty  ctrs.  test  lead,  or, 
to  avoid  so  large  a  volume,  one-half  ctr.  of  the  compound  witli 

10  ctrs,  test  lead  and 
\  ctr.,  or  one  even  spoonful,  of  borax-glass. 

This  is  well  mixed  in  the  mixitig  capsule,  wrapped  in  soda  paper, 
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and  fused  in  the  K.  F.  as  already  described.  The  lead  with  the  com- 
bined metallic  compound  must  remain  for  some  time  in  rotary 
motion,  until  no  more  of  the  metallic  particles,  which  at  first 
generally  float  upon  the  lead,  can  be  seen.  If  the  fusion  were 
broken  off  earlier,  those  portions  of  the  metallic  compound  not  yet 
thoroughly  combined  with  the  lead  would  pass  in  part  mechanically 
into  the  litharge  during  the  subsequent  cupellation.  During  the 
fusion  any  cobalt  and  iron,  sometimes  present  in  German  silver,  are 
oxidized  and  dissolved  in  the  borax -glass,  but  the  zinc,  which  is  a 
chief  ingredient  of  German  silver,  is  volatilized.  The  lead  after 
cooling  is  separated  from  the  slag  on  the  anvil  and  cupelled  as 
before,  but  the  button  of  silver  obtained  by  the  fine-cupellation 
generally  spreads  out,  owing  to  the  presence  of  copper,  and  it  must 
be  subjected  to  a  second  refining  cupellation  on  the  same  cupel,  with 
one-quarter  to  one-half  ctr.  of  melted  test  lead,  as  directed  on  p.  410, 
so  that  the  button  may  have  a  proper  diameter  for  the  determination 
of  the  silver  on  the  scale.  The  weight  of  the  silver  button  must 
necessarily  be  doubled  if  only  one-half  ctr.  of  the  substance  was 
taken  for  the  assay,  and  in  order  to  be  safe  with  such  an  assay,  two 
portions  of  one-half  ctr.  each  may  be  weighed  out,  and  the  argen- 
tiferous lead  buttons  obtained  by  the  scorification  united  in  the 
fine-cupellation. 

To  assay  brass  for  silver,  1  ctr.  is  charged  with 
10  ctrs.  test  lead  and 
1  heaped  spoonful  of  borax-glass. 

The  charge,  wrapped  in  soda-paper,  is  treated  as  before  in  the  R.  F., 
until  the  lead  has  united  with  the  metal  to  be  assayed,  and  has  been 
in  rotary  motion  with  it  for  some  time,  while  the  borax-glass  is  free 
from  lead  globules ;  after  which  the  flame  is  allowed  to  act  only  on 
the  borax,  and  the  zinc  not  yet  volatilized  in  the  fusion  with  the 
lead  is  thus  completely  removed.  When  the  lead  shows  a  clean 
•  surface  it  is  heated  rather  strongly  for  a  few  moments,  and  poured 
out  on  the  anvil  if  the  fusion  was  performed  on  an  ordinary  piece 
of  coal,  or  allowed  to  cool  slowly  with  the  borax-glass  if  in  a  coal 
crucible.  The  cupriferous  lead  is  cupelled  just  like  that  obtained 
from  the  foregoing  metallic  compounds  rich  in  copper. 

c.  Assay  of  metallic  compounds  in  which  lead  or  Msmuth  is  a  chief 

ingredient. 

Here  belong  the  argentiferous  lead  and  Msmuth,  obtained  on  a 
large  scale  ;  the  mineral  chilenite  from  Chili  may  also  be  mentioned 
here. 
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A  small  piece  of  the  argentiferous  lead  is  beaten  out,  cut  up  with 
the  scissors,  and  from  two  to  five,  or  even  ten  centners  weighed  out, 
according  to  the  amount  of  silver  expected.  For  the  sake  of  dispatch 
a  certain  quantity  is  weighed  out  accurately,  and  then  the  amount 
of  silver  is  calculated  for  one  ctr.  It  is  only  advisable  to  begin  at 
once  with  the  cupellation  in  case  of  quite  pure  lead;  generally  it  is 
better  to  fuse  the  weighed  portion  in  an  excavated  coal  or  a  coal 
crucible,  and  to  treat  it  for  a  short  time  with  the  0.  F.  With  lead 
containing  much  copper  regard  must  be  had  to  the  remarks  on 
p^  410,  about  the  complete  separation  of  the  cot)per  in  the  fine- 
cupellation. 

As  bismuth  is  brittle,  a  quantity  sufficient  for  several  assays  is 
broken  off  with  the  hammer  on  the  anvil  and  made  as  fine  as  pos- 
sible. Then  a  weighed  portion,  of  about  five  ctrs.,  is  fused  in  an 
excavated  coal  with  borax-glass  for  some  time  in  the  0.  F.,  and  the 
fluid  metallic  button  poured  out  upon  the  anvil,  which  will  not  cause 
the  slightest  loss  if  carefully  done.  The  button  is  then  subjected  to 
the  scorification,  like  argentiferous  lead.  In  separating  the  oxide  of 
bismuth  thus  formed  from  the  argentiferous  bismuth  button,  which 
is  to  be  subjected  to  the  fine-cupellation,  great  care  must  be  taken  to 
lose  no  fragments,  since  the  bismuth  is  brittle.  The  button  should 
never  be  lifted  out  of  the  oxide,  but  the  latter  must  be  gradually 
removed  from  it  with  the  pliers,  Fig.  39.  Argentiferous  bismuth 
never  yields  a  silver  button  with  a  bright  surface,  and  it  is  therefore 
necessary  to  fuse  the  button  obtained  from  the  scorification  with  a 
piece  of  test  lead  weighing  thirty  to  forty  milligr.,  and  then  proceed 
with  the  fine-cupellation. 

d.  Assay  of  substances  in  which  tellurium,  antimony,  or  zinc  forms 

a  chief  ingredient. 

Here  belong  hessite  and  dyscrasite,  which  occar  in  nature,  and 
also  argentiferous  antimony  and  zi7ic. 

One  centner  of  the  substance  is  fused  on  coal  or  in  a  coal  crucible 
with  five  ctrs.  of  test  lead,  under  borax-glass,  with  the  K.  F.,  and  an 
opportunity  is  given  to  the  metals  in  combination  with  the  silver  to 
volatilize  by  afterward  treating  the  metallic  button,  rich  in  lead, 
with  the  0.  F.  alone.  Zinc  volatilizes  rather  easily;  so  does  anti- 
mony, although  it  is  somewhat  difficult  to  remove  the  last  portions; 
but  tellurium  can  only  be  partially  volatilized,  and  must  therefore  be 
separated  through  oxidation  by  cupelling  it  with  a  large  amount  of 
lead.     When  the  antimony  and  zinc  seem  to  be  volatilized  the  blast 
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is  stopped,  the  silver-lead  separated  from  the  slag,  after  the  assay 
cools,  and  the  cupellation  is  begun.  When  the  lead  is  free  from  the 
volatile  metals  in  question,  it  can  be  at  once  cupelled  in  two  periods, 
but  otherwise,  as  in  case  of  native  telluride  of  silver  and  other 
metallic  compounds  of  silver  containing  tellurium,  the  scorification 
must  be  repeated,  with  fresh  quantities  of  lead  (five  ctrs.  each  time), 
so  long  as  the  resulting  silver  button,  containing  lead,  cools  with  a 
dark-colored  surface,  before  proceeding  to  the  fine-cupellation.  Finally. 
if  after  the  fine-cupellation  the  silver  button  solidifies  with  a  reticu- 
lated, dull,  grayish-white  surface,  this  indicates  that  traces  of  tel- 
lurium are  still  present.  Another  centner  of  test  lead  must  be  added 
and  the  fine-cupellation  repeated.  One  centner  of  pure  telluride  of 
silver  requires  nearly  twenty  centners  of  test  lead,  and  with  about 
62.7  %  of  silver  suffers  a  cupellation  loss  of  nearly  1.5  milligr.  silver, 
so  that  only  about  61Vo  of  silver  can  be  actually  obtained. 

e.  Assay  of  metallic  compounds  in  which  tin  forms  a  chief,  or  only 

a  secondary  ingredietit. 

In  this  class  belong  argentiferous  tin,  bell  and  gun  metal,  and 
several  other  alloys  containing  tin,  which  are  employed  in  the  arts. 

The  substance  is  cut  up,  or  finely  divided  in  some  way,  and  one 
centner  weighed  out  and  mixed  in  the  mixing  capsule  with 

5  to  15  ctrs.  test  lead,  according  to  the  amount  of 
copper  present, 
50  milligr.  soda,  and 
50      "       borax-glass. 

The  mixture,  wrapped  in  soda-paper,  is  treated  on  coal  or  in  a  coal 
crucible,  with  a  strong  E.  F.,  until  the  tin  or  metallic  compound  is 
fused  to  a  globule  with  the  lead,  and  the  soda,  which  prevents  the 
easy  oxidation  of  the  tin,  is  melted  to  a  glass  with  the  borax.  The 
metal  alone  is  then  touched  with  the  blowpipe  flame,  for  which  pur- 
pose the  blue  flame  is  best  suited,  but  only  so  that  the  very  easily 
oxidizable  tin  may  oxidize  slowly,  while  the  oxide  is  taken  up  by  the 
fluid  glass.  When  globules  of  reduced  tin  appear  on  the  border 
of  the  slag  the  blast  is  stopped  and  the  assay  allowed  to  cool,  after 
which  the  lead,  still  containing  tin,  is  treated  on  another  coal  with 
a  spoonful  of  borax-glass  in  the  0.  F.,  in  the  same  way  as  before 
with  soda  and  borax,  until  the  lead  shows  a  bright  surface,  or  one 
no  longer  covered  with  oxide  of  tin.  It  is  then  cupelled  like  any 
other  argentiferous  lead  obtained  from  a  fusion. 
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f.  Assay  of  metallic  compounds  in  which  mercury  is  the  prevailing 

ingredient. 

This  includes  native  and  artificial  silver  amalgam  and  argentif- 
erous  mercury. 

In  weighing  these  substances  the  scale  pans,  if  of  silver  or  gilt, 
must  for  well  known  reasons  be  covered  with  paper  and  the  balance 
then  adjusted,  after  which  one  ctr.  of  the  compound  is  weighed  out 
and  put  into  a  small  glass  tube,  sealed  at  one  end  and  blown  into  a 
bulb,  as  shown  in  Fig.  74,  p.  303.  The  tube  is  held  somewhat  inclined 
and  very  gradually  heated  over  a  spirit-lamp,  and  the  distillation 
continued  until  the  metal  remaining  behind  has  been  for  some  time 
at  a  red  heat.  By  turning  the  tube  and  tapping  on  it,  when  it  is 
somewhat  cooled,  all  the  separated  mercury  is  collected  into  one 
drop  and  shaken  out.  When  the  metallic  compound  subjected  to 
distillation  was  a  silver  amalgam,  the  silver  remains  in  the  bulb  as  a 
single  porous  globule,  which  can  be  easily  shaken  out  if  the  heat  was 
not  too  high.  This  globule  is  fused  with  one,  or  if  it  appears  to 
contain  copper,  with  two  or  three  ctrs.  of  test  lead,  under  a  cover  of 
borax-glass  in  the  K.  F.  on  coal,  and  the  resulting  metallic  com- 
pound, rich  in  lead,  is  cupelled  in  the  usual  way. 

If  the  compound  distilled  was  only  an  argentiferous  mercury,  a 
very  trifling  residue  remains,  which  adheres  firmly  to  the  glass  and 
cannot  be  shaken  out.  The  bulb  of  the  tube  must  then  be  cut  off, 
filled  with  a  mixture  of  one  ctr.  of  test  lead  and  half  a  spoonful  of 
soda,  placed  in  an  excavated  coal,  or  a  coal  crucible,  and  the  lead 
melted  together  with  the  residue  of  silver  in  a  strong  R  F.  The 
resulting  metallic  compound  flows  out  from  the  melting  glass,  and, 
after  cooling,  can  easily  be  detached  from  the  coal  and  glass  and 
cupelled.  Several  centners  of  mercury  may  be  distilled  if  the  amount 
of  silver  is  suspected  to  be  very  small. 

g.  Assay  of  metallic  compounds  in  which  iron  or  steel  forms  the  chief 

ingredient. 

Here  belong,  besides  iron  and  steel,  the  iron  hears  mentioned  on 
p.  221,  which  form  under  certain  circumstances  in  smelting  argen- 
tiferous ores  and  products. 

Neither  iron  nor  steel  can  be  directly  united  with  lead  before  the 
blowpipe,  so  they  must  first  be  combined  with  sulphur,  and  then  they 
will  yield  up  their  silver  to  the  lead  just  as  readily  as  an  argen- 
tiferous iron  pyrites.  Hardened  steel  must  first  be  softened  by  heat- 
ing, and  then,  after  cleansing  its  surface  from  the  resulting  magnetic 
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oxide  by  filing,  the  quantity  necessary  for  an  assay  is  reduced  to  a 
fine  state  by  beating  or  filing.  Iron  bears  being  more  or  less  brittle, 
can  often  be  easily  reduced  under  the  hammer.  From  the  divided 
metal,  which  may  remain  in  pieces  weighing  from  twenty  to  thirty 
milligr.,  one  ctr.  is  weighed  out,  and  mixed  with 

■J  ctr.  powdered  sulphur, 
8    "    test  lead,  and 
1  spoonful  borax-glass. 

The  mixture  is  poured  into  a  soda-paper  cylinder  and  treated  on 
coal,  or  in  a  coal  crucible,  with  the  E.  F.,  until  everything  is  fused 
to  a  fluid  ball.  The  sulphur  first  combines  with  the  easily  fusible 
lead,  and  the  iron,  after  continued  blowing,  begins  to  glow,  taking  a 
part  of  the  sulphur  from  the  lead  to  saturate  itself,  and  combining 
then  as  proto-sulphide  of  iron  with  the  lead,  which  still  contains 
sulphur,  to  a  quite  fluid  mass  which  is  surrounded  by  the  melted 
borax.  A  single  spoonful  of  borax-glass  being  insufficient  to  take 
up  all  the  iron  which  must  be  oxidized  by  treating  the  assay  with 
the  0.  F.  after  this  fusion,  another  heaped  spoonful  of  the  flux  is 
then  melted  together  with  the  already  fused  globule,  and  the  whole 
treated  with  a  powerfully  oxidizing  flame,  until  the  impure  lead 
begins  to  separate  from  the  glass.  The  coal  is  now  held  so  that,  for 
the  most  part,  only  the  lead  is  touched  by  the  outer  flame,  in  order 
that  the  sulphur  may  pass  off"  and  the  iron  be  oxidized  and  dissolved 
in  the  borax.  After  all  the  sulphur  is  gone  and  the  iron  separated 
the  blast  is  stopped,  and  the  silver  lead,  which  has  a  bright  surface,  is 
allowed  to  cool.  If  it  is  of  a  white  color,  it  is  cupelled  as  usual,  and 
the  weight  of  the  silver  button  ascertained ;  but  if  it  is  black  and 
brittle,  it  must  be  exposed  to  a  second  oxidation  before  it  can  be 
cupelled. 

2.     THE   GOLD  ASSAY. 

Like  silver,  gold  can  be  separated  from  its  combinations  in  the  dry 
way,  and  it  is  therefore  possible  to  ascertain  with  the  blowpipe  the 
amount  of  gold  present  in  ores,  minerals,  and  metallurgical  and 
artificial  products.  In  this  method  gold  suffers  no  cupellation  loss, 
since  it  cannot  be  oxidized. 

Gold,  however,  seldom  occurs  in  nature  without  containing  some 
silver  {vide  p.  318),  while  silver  ores  are  very  frequently  niore  or  less 
auriferous,  and  since  the  silver  cannot  be  separated  from  the  gold  in 
the  dry  way,  the  separation  of  gold  in  a  pure  state  is  somewhat  more 
complicated  than  that  of  silver. 
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With  reference  to  the  quantitative  assay  for  gold  the  A^arious 
minerals,  ores,  and  products  may  be  divided  into : 

A.  Gold  ores,  auriferous  silver  ores,  and  argentiferous  and  aurif- 

erous metalhirgical  products. 

B.  Metallic  compounds,  viz., 

a.  Such  as  consist  only  of  gold  and  silver ; 

b.  Such  as  contain,  besides  gold  and  silver,  other  metals,  aa 

copper,  platinum,  iridium,  palladium,  and  rhodium  ; 

c.  Such  as  consist  of  gold  and  mercury. 

A.    Assay    of ,  Gold    Ores,  Auriferous    Silver    Ores,  and   Auriferous    and 
Argentiferous    Metallurgical    Products. 

This  includes :  1.  Native  tellurium,  which  is  said  to  contain  0.25 
to  2.78  <fc  gold,  but  no  silver.  2.  All  the  minerals  mentioned  on 
pp.  318-319,  which  contain  silver  as  well  as  gold.  3.  The  auriferous 
iron  and  copper  pyrites  occurring  in  various  places.  4.  Rohstci^i 
and  lead  matt  obtained  from  auriferous  silver  ores.  5.  The  grind- 
ings  and  gold  scraps  of  gold  and  silver  smiths. 

In  the  case  of  gold  ores  proper,  containing  little  or  no  silver,  the 
quantity  of  assay  powder  necessary  for  several  assays  is  prepared, 
according  to  p.  397,  and  an  assay  made  from  it  just  as  in  the  silver 
assay.  After  the  cupellation,  the  color  of  the  button  will  show 
whether  the  gold  is  pure  or  contains  silver,  since  even  two  per  cent, 
of  silver  is  sufficient  to  give  the  gold  a  brass-yellow  color.  If  the 
button  has  a  pure  gold  color,  its  weight  may  be  immediately  deter- 
mined on  the  balance,  or  on  tiie  scale,  according  to  p.  28,  et  seq. ; 
but  a  lighter  color  indicates  silver,  and  then  a  further  separation 
must  be  effected,  as  will  be  described  hereafter. 

From  the  other  substances,  containing  more  silver  than  gold,  a 
quantity  of  assay  powder  sufficient  for  ten  or  fifteen  assays  is  pre- 
pared, and  a  preliminary  assay  of  this  is  first  made  for  silver.  From 
the  amount  obtained  a  calculation  is  made  of  the  number  of  assays 
necessary  to  obtain  a  quantity  of  silver  so  great  that  the  gold  in 
it  may  be  quantitatively  determined.  If  it  is  a  substance  contain- 
ing only  about  0.11  pound  of  silver  in  a  hundredweight,  or  0.11  Vo, 
and  in  which  but  little  gold  is  suspected,  more  assay  poAvder  must 
be  prepared  and  at  least  twenty-four  assays  weighed  out;  but  if  it 
contains  more  silver,  perhaps  as  high  as  0.28  Vo,  ten  or  fifteen 
assays  will  be  enough.  It  is  in  general  advisable  to  make  as 
many  assays  as  possible,  with  a  substance  poor  in  silver,  because 
the  proportion  of  gold  to  silver  can  be  determined  quantitatively 
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only  in  a  portion  of  the  alloy  wliicli  is  large  enough  to  be  weighed 
on  the  balance.  If  the  substance  contains  several  per  cent,  of  silver, 
only  a  threefold  or  fivefold  assay  is  made. 

The  separate  assays  are  charged  precisely  as  in  a  silver  assay,  with 
borax  and  test  lead  ;  if  the  substance  contains  copper,  the  quantity 
of  lead  must  be  increased  in  proportion  to  the  probable  amount  of 
that  metal  present.  Each  assay  is  fused  exactly  according  to  the 
directions  given  for  the  silver  assay ;  the  fine-cupellation  of  the  raw 
lead  from  each  assay,  however,  is  not  performed  separately,  but  in 
the  manner  now  to  be  described.  ^ 

When  all  the  assays  have  been  fused,  and  the  lead  freed  from  slag 
and  hammered  into  cubes,  these  are  placed  two  or  three  at  a  time, 
if  their  united  weight  does  not  exceed  fifteen  ctrs.,  on  a  well-heated 
cupel,  and  the  scorification  begun  as  described  in  the  silver  assay,  p. 
405.  After  the  scorification  has  been  carried  as  far  as  is  there  stated, 
it  is  stopped,  and  the  litharge  and  lead  button  lifted  oflP  from  the  bone- 
ash,  which  is  not  yet  permeated  with  oxide,  and  set  aside,  while  a 
new  cupel  is  made,  heated  well,  and  another  scorification  performed 
with  two  or  three  more  pieces  of  raw  lead.  This  operation  is  per- 
formed on  all  the  lead,  and  the  resulting  buttons,  which  contain  the 
concentrated  silver  and  gold,  are  all  placed  on  a  fresh,  well-heated 
cupel,  and  the  concentration  of  the  gold  and  silver  continued  until 
the  rich  lead  is  only  the  size  of  a  large  mustard-seed.  This  button 
is  then  subjected  to  a  fine-cupellation  on  another  cupel.  When  the 
substance  contains  a  great  deal  of  copper,  so  that  the  silver  is  not 
pure  after  the  brightening,  a  little  test  lead  is  added  and  the  button 
cupelled  fine  on  a  free  spot  of  the  cupel.  The  auriferous  silver  but- 
ton obtained  is  accurately  weighed  and  then  parted  in  the  manner 
described  below,  under  metallic  compounds.  For  the  parting  the 
auriferous  silver  button  must  always  be  large  enough  to  weigh,  since 
its  true  weight  cannot  be  read  upon  the  scale  on  account  of  the 
greater  specific  gravity  of  the  gold. 

When  pure  pyrites,  or  very  pyritiferous  ores  containing  silver,  or 
metallurgical  products  consisting  chiefly  of  metallic  sulphides,  are 
to  be  assayed  for  gold,  another  method  must  be  employed  to  concen- 
trate the  silver  and  gold  contained  in  them.  Should  the  finely- 
powdered  ore  or  product  contain  not  less  than  about  0.11  %  of  silver, 
twenty-four  to  thirty-six  ctrs.,  according  to  the  richness,  are  weighed 
out  in  portions  of  three  ctrs.  each,  and  the  separate  portions  put 
into  a  clay  capsule,  p.  23,  which  has  been  painted  with  reddle,  and 
roasted  without  the  addition  of  any  carboniferous  substance,  as  in 
tiie  quantitative  copper  assay.     When  no  more  fumes  of  sulphurous 
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acid  can  be  smelled,  the  roasted  stuff  is  rubbed  in  a  mortar  and 
again  ignited  in  the  capsule,  until  no  signs  of  any  escaping  sul- 
phurous acid  can  be  noticed.  This  is  done  with  all  the  weighed  por- 
tions. The  roasting  can  be  performed  in  a  very  short  time  if  one  is 
provided  with  a  gas-lamp,  or  a  spirit-lamp  with  double  draught, — as 
it  is  then  only  necessary  to  heat  the  whole  weighed  quantity  of  ore 
at  once  to  a  low,  red  heat,  in  a  thin,  flat  porcelain  dish,  over  the 
lamp,  with  access  of  air,  stirring  it  from  time  to  time  with  the  iron 
spatula,  p.  40,  and  keeping  it  in  a  glowing  state,  until  the  smell  of 
sulphurous  acid  is  no  longer  perceptible. 

After  the  whole  twenty-four  or  thirty-six  ctrs.  are  roasted,  the  ore, 
or  product,  is  put  in  a  porcelain  vessel,  p.  43,  corresponding  to  the 
quantity  of  the  substance  and  enough  hydrochloric  acid  added  to 
dissolve  the  oxides  mentioned  below.  The  porcelain  vessel,  covered 
with  a  watch-glass,  is  set  upon  a  wire  frame  stretched  over  a  brass 
ring,  above  the  feeble  lamp-flame,  and  the  solution  is  begun  with  the 
aid  of  heat.  Sesquioxide  of  iron,  oxide  and  sulphate  of  cojDper,  and 
the  simultaneously  forming  chloride  of  silver,  are  dissolved.  The 
gold  remains  in  the  metallic  state  if  the  roasted  ore  is  free  from 
metallic  oxides  which  dissolve  in  hydrocliloric  acid  with  evolution 
of  chlorine,  but  if  it  contains  such  oxides,  for  instance,  proto-ses- 
quioxide  of  manganese,  the  gold  also  goes  into  solution.  Any 
earthy  admixtures  not  soluble  in  hydrochloric  acid,  likewise  remain 
behind.  After  complete  solution  of  the  soluble  portions,  the  whole 
is  evaporated  to  dryness,  preferably  on  the  water-bath,  and  the 
remaining  mass  is  warmed  with  enough  water  to  separate  the  solu- 
ble chlorides  from  the  now  insoluble  chloride  of  silver  and  the. other 
insoluble  portions.  The  whole  is  then  treated  with  a  solution  of 
sulphate  of  iron,  to  precipitate  the  gold  in  solution,  stirred,  and 
allowed  to  settle.  When  the  liquid  is  clear  it  is  filtered,  the  precipi- 
tate and  residue  washed  with  water,  and  dried  on  the  filter  in  a 
porcelain  dish  over  the  lamp-flame,  without  unfolding  it.  The  dry 
filter  is  then  unfolded,  five  ctrs.  test  lead  and  a  spoonful  of  borax- 
glass  carefully  mixed  with  the  powder  upon  it,  and  the  filter  folded 
again.  After  which,  the  upper  part  is  cut  off,  if  none  of  the  charge 
has  touched  it,  while  the  lower  part  with  the  charge  is  wrapped 
tightly  together  and  placed  in  an  excavated  coal,  or  a  coal  crucible. 
The  paper  is  first  charred  and  mostly  destroyed  by  a  gentle  0,  F., 
and  the  whole  is  then  fused  with  a  good  K.  F.  The  test  lead  decom- 
poses the  chloride  of  silver,  and  the  silver  and  gold  unite  with  the 
lead,  while  any  earthy  matters  present  are  dissolved  by  the  borax. 
The  raw  lead  is  then  cupelled  in  two  operations,  as  in  the  silver 
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assay,  and  the  auriferous  silver  button  further  treated,  as  will  be 
hereafter  described  in  the  parting  of  gold  and  silver. 

If  pyrites  or  matt-like  products  containing  still  less  than  0.11  o/^  of  silver  are  to  be 
assayed  for  gold,  a  larger  quantity  must  be  taken,  and  the  above  method  would  then  be 
rather  tedious.  The.  use  of  other  apparatus  and  contrivances  is  recommended  in  such 
cases,  the  blowpipe  being  also  used  with  advantage  here,  as  will  be  seen  from  the  fol- 
lowing description. 

In  one  method  fifty  to  two  hundred  grms.  of  the  finely  powdered  substance  are  weighed 
out  on  a  less  delicate  balance,  and  roasted  on  a  piece  of  sheet-iron,  which  has  its  edges 
turned  up  and  has  been  brushed  over  with  a  few  coats  of  fire-clay  and  water  and  then 
dried.  This  is  heated  over  a  charcoal  or  coke  fire  in  a  small  portable  furnace  and  under  a 
chimney  with  a  good  draught.*  The  roasting  substance  is  stirred  with  an  iron  spatula, 
until,  with  a  rather  strong  red  heat,  no  more  sulphurous  acid  can  be  smelled,  and  when 
cool  it  is  rubbed  in  an  iron  mortar,  after  which  it  is  again  ignited  on  the  sheet-iron, 
until  not  the  least  smell  of  sulphurous  acid  can  be  perceived.  After  cooling  it  is 
moistened  with  water  in  a  porcelain  dish,  but  just  enough  to  leave  it  in  a  still  loose, 
porous  state,  in  which  it  can  best  be  treated  with  chlorine.  If  the  roasting  was  thorough, 
the  gold,  which  is  present  in  the  metallic  state,  can  be  converted  into  chloride  and 
extracted  as  such  by  fresh  chlorine  water,  free  from  hydrochloric  acid;  but  il  dmall 
quantities  of  metallic  sulphides  and  arsenides  are  still  present,  the  chlorine  is  best  used 
in  the  gaseous  state,  observing  the  following  conditions,  which  secure  the  perfect  extrac- 
tion of  the  gold : 

1.  The  substance  to  be  treated  must  be  as  free  as  possible  from  metallic  iron,  as,  for 
instance,  fragments  of  stamp  heads,  which  can  easily  be  determined  with  a  magnet ; 
any  fragments  found  must  be  removed. 

2.  The  careful  roasting  of  the  finely-divided  substance  is  presupposed,  so  that  there 
may  be  as  few  undecomposed  metallic  sulphides  and  arsenides  as  possible. 

3.  The  chlorine  gas  introduced  into  the  moist  roasted  substance  must  be  free  from 
hydrochloric  acid,  which  not  only  easily  dissolves  all  metallic  oxides  present,  but  also, 
in  presence  of  sulphide  of  iron,  etc.,  evolves  sulphuretted  hydrogen,  and  this  both  decom- 
poses the  chloride  of  gold  already  formed,  precipitating  the  gold  as  sulphide,  and  also 
absorbs  the  chlorine  itself,  so  that  but  little  gold  can  be  extracted.  The  gas  is  therefore 
first  freed  from  all  hydrochloric  acid  gas,  and  the  extraction  of  the  gold  is  performed  in 
the  following  way. 

In  the  glass  cylinder  A,  Fig.  81,  which  is  about  two  hundred  to  two  hundred  and 
fifty  millim.  high  and  sixty  millim.  wide,  with  a  neck  eighteen  to  twenty  millim.  wide 
on  the  side  near  the  bottom,  is  placed  a  layer  of  small  pieces  of  quartz,  reaching  above 
the  neck ;  above  this  is  strewn  a  layer  of  coarse  quartz  sand  and  then  a  layer  of  fine 
sand,  forming  a  filter.  The  moist  roasted  ore  is  laid  as  loosely  as  possible  on  this,  and 
the  top  of  the  cylinder  closed  with  a  caoutchouc  cap,  in  which  is  fixed  a  tube  that  dips 
into  the  cylinder  B,  where  there  are  shavings  or  a  roll  of  stiff  blotting-paper,  to  be  sub- 
sequently moistened  with  alcohol.  The  chlorine  necessary  for  two  hundred  grms,  of 
roasted  ore  is  then  produced  from  ten  grms.  powdered  binoxide  of  manganese,  forty 
grms.  ordinary  hydrochloric  acid,  and  ten  grms.  sulphuric  acid,  which  has  been  previ- 

*  In  lack  of  a  suitable  portable  furnace  a  large  graphite  crucible,  about  0.3  met. 
high,  such  as  is  used  for  fusing  metals,  can  be  employed  ;  in  the  side  of  this,  near  the 
bottom,  a  hole  about  seven  centim.  square  is  made,  with  several  small  holes  around  the 
upper  edge  of  the  crucible,  inside  of  which  a  suitable  iron  grate  is  fixed. 


ASSAY  OF  GOLD  AND   AURIFEEOUS  SILVER  GEES. 


427 


ously  diluted  with  an  equal  quantity  of  water.  These  are  thoroughly  mixed  by 
agitating  the  flask  in  which  they  are  put,  and  this  is  heated  on  a  sandbath  over  a  spirit- 
lamp,  being  connected  by  a  glass  tube  with  the  wash-bottle  D.     This  bottle  has  a  wide 


Fig.  81. 


neck,  closed  with  a  cork,  and  is  more  than  half  full  of  pure  water.  After  yielding  ita 
hydrochloric  acid  gas  to  this  water  the  chlorine  passes  on  into  the  cylinder  A,  as  shown 
in  the  figure,  and  thus,  if  the  apparatus  is  air-tight,  to  the  very  end  of  the  tube  which 
opens  near  the  bottom  oi  B,  the  extraction  may  be  performed  in  the  laboratory  without 
any  odor  of  chlorine  becoming  perceptible,  since  chloral  and  hydrochloric  acid,  both 
inoffensive,  are  formed  from  the  combination  of  the  supei-fluous  chlorine  with  the 
alcohol. 

The  flask  is  at  first  very  gently  heated  to  avoid  too  rapid  evolution  of  gas,  but  after- 
ward somewhat  stronger.  The  absorption  of  the  gas  in  the  cylinder  A,  and  the  change 
of  color  in  substances  containing  a  notable  amount  of  gold,  can  be  very  plainly  seen,  and 
also  the  appearance  of  the  yellowish  gas  in  the  empty  part  of  the  cylinder,  as  well  as 
its  final  flow  into  B.  The  fewer  the  undecomposed  metallic  sulphides  and  arsenides  in 
the  roasted  substance,  so  much  the  sooner  does  the  chlorine  appear  above  it,  while  with 
a  more  considerable  amount  it  makes  its  appearance  later,  and  a  decided  evolution  of 
heat  is  noticed  in  the  cylinder.  All  the  finely-divided  metallic  gold  present  is  changed 
into  chloride  as  soon  as  the  chlorine  appears  in  the  empty  part  of  the  cylinder,  but  this 
is  by  no  means  the  case  with  the  gold  which  is  contained  in  the  parts  not  decomposed 
by  the  roasting.  The  gas  must  pass  through  the  powder  for  at  least  an  hour  before  the 
extraction  can  be  regarded  as  complete  and  the  apparatus  taken  apart,  in  which  opera- 
tion the  cork  should  first  be  removed  from  C,  to  prevent  the  reflux  of  water  when  the 
lamp  is  taken  away. 

The  cylinder  A  is  then  placed  on  a  stand  and  the  small  neck  closed  with  a  cork,  in 
which  is  a  short,  narrow  tube,  bent  downward.  By  carefully  pouring  on  small  quanti- 
ties of  hot  water,  the  chloride  of  gold,  and  any  other  resulting  soluble  chlorides,  are 
then  washed  into  a  beaker,  the  cylinder  being  inclined  toward  the  end  of  the  operation, 
so  as  to  leave  nothing  in  the  bottom.  If  the  neck  is  too  high  above  the  bottom  of  the 
cylinder  the  space  can  be  filled  up  with  melted  pitch  before  laying  in  the  quartz.  After 
adding  hydrochloric  acid,  and  then  enough  solution  of  sulphate  of  iron  to  precipitate 
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the  gold,  the  liquid  is  strongly  stirred  with  a  glass  rod  and  left  until  all  the  gold  has  set- 
tled, which  occurs  in  a  short  time  if  the  liquid  is  kept  warm.  The  separated  gold  is 
collected  on  a  filter,  washed,  and  the  filter  dried  in  a  porcelain  dish  over  the  lamp,  after 
which  it  is  ignited  with  access  of  air  in  a  platinum  capsule,  p.  21.  The  residue  is 
mixed  in  the  capsule  with  one  to  two  ctrs.  test  lead  and  a  little  borax-glass,  wrapped  in 
soda-paper  and  fused  like  a  quantitative  silver  assay.  The  weight  of  the  button  ob- 
tained by  cupelling  the  auriferous  lead  is  then  determined  on  the  scale  or  the  balance. 
If  200  grm.  =  2000  blowpipe  ctrs.,  of  raw  pyritiferous  ore  were  used,  the  weight  of  the 
gold  button  is  divided  by  2000  to  find  the  amount  of  gold  in  1  ctr.  of  the  ore. 

The  gold  thus  obtained  is  generally  free  from  silver,  because  the  chloride  of  silver 
formed  is  insoluble  in  pure  water ;  if,  however,  the  substance  was  imperfectly  roasted  so 
that  a  considerable  quantity  of  other  chlorides  could  form,  the  water  at  first  used  in  wash- 
ing: the  substance  after  treatment  with  chlorine  forms  a  concentrated  solution  and  takes 
up  some  chloride  of  silver,  which,  although  the  solution  is  diluted  more  and  more  with 
water,  only  separates  very  slowly.  In  this  case  the  gold  may  contain  a  little  silver, 
and  must  be  separated  as  will  be  described  under  alloys. 

Another  method,  feasible  for  any  assayer  who  has  a  mufl3e  and  wind-furnace  at 
hand  and  is  practiced  in  the  use  of  the  blowpipe,  is  the  following.  A  very  poor  ore 
may  be  used,  which  would  necessitate  the  treatment  of  three  or  four  pounds  in  order  to 
obtain  a  weighable  button  of  gold  by  the  ordinary  muffle  assay.  The  auriferous  silver, 
from  seventy -five  to  one  hundred  and  twenty  grm.  of  the  ore  or  product  in  question  is 
first  separated  by  any  of  the  methods  known  to  all  assayers,  viz.,  by  a  scorification 
assay  in  the  muffle,  followed  by  cupellation  of  the  raw  lead  in  the  cupel,  or  by  smelting 
the  roasted  substance  with  alkaline  fluxes,  litharge,  or  test  lead,  and  other  reagents,  in 
clay  crucibles,  concentrating  the  lead  by  scorification  under  the  mufHe  and  then  cupel- 
ling the  enriched  lead.  The  auriferous  silver  button  thus  obtained  is  weighed  with  the 
ordinary  assay  weights,  the  amount  of  silver  contained  in  the  test  lead  or  litharge  em- 
ployed is  deducted,  and  from  the  result  the  amount  of  silver  and  gold  together  in  the 
ore  is  calculated.  Then,  after  separating  the  silver  by  the  method  to  be  directly  given, 
the  weight  of  the  gold  is  determined  on  the  measuring  scale,  and  from  it  the  proportion 
of  gold  and  silver  separately  ascertained.  If  the  system  of  gramme  weights  is  used 
throughout  there  will  be  no  difficulty  whatever  in  makiug  the  necessary  calculations. 

« 

B.  Metallic  Compounds. 
a.  Consisting  only  of  gold  and  silver. 

This  includes  native  gold,  gold  alloyed  with  silver,  and  the  argen- 
tiferous gold  or  auriferous  silver  from  the  assay  of  auriferous  min- 
erals, ores,  and  products. 

There  is  no  sure  way  of  easily  dissolving  or  slagging  off  one  of 
these  m6tals  in  the  dry  way,  so  as  to  separate  the  other  pure  and 
without  loss,  and  it  is  necessary  to  perform  the  separation  with  nitric 
acid,  both  in  the  commercial  and  blowpipe  assays.  In  the  separating 
process,  which  is  called  parting,  the  proportion  of  silver  to  gold  in 
hhe  alloy  must  be  not  less  than  2.5  :  1 ;  otherwise  the  silver  will  be 
imperfectly,  or  not  at  all  dissolved.  The  amount  of  gold  must, 
therefore,  be  previously  ascertained,  and  if  it  exceeds  this  limit  the 
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lack  of  silver  must  be  supplied.  Touch  needles  are  used  in  the  muffle 
assay,  and  in  blowpipe  assays,  where  very  small  quantities  are  em- 
ployed, althougli  not  indispensable,  these  may  be  replaced  by  a  small 
stock  of  alloys  of  known  composition,  which  with  a  touchstone,  p. 
63,  are  of  great  advantage  when  frequent  gold  assays  are  made. 
Gold  containing  only  2  Vo  of  silver  has  a  light  brass-yellow  color,  and 
if  it  has  60  Vo  no  yellow  color  is  perceptible.  From  its  more  or  less 
yellow  color  the  approximate  composition  of  the  alloy  can  be  esti- 
mated, as  well  as  the  amount  of  silver  necessary  to  produce  the 
required  proportions,  but  this  may  be  more  exactly  ascertained  from 
the  streak  on  the  touchstone. 

"When  native  gold,  of  a  brass-yellow  color,  is  to  be  assayed  for  fine 
gold,  it  may  be  assumed  that  the  amount  of  silver  is  unimportant, 
and  fifty  to  eighty  milligr.  being  weighed  out,  are  fused  Avith  two 
and  a  half  times  the  quantity  of  silver  free  from  gold,  which  haa 
been  reduced  from  chloride  of  silver  with  a  little  borax-glass  on  coal 
in  the  E.  F.  A  very  light  brass-yellow  indicates  a  more  considerable 
proportion  of  silver,  and  in  this  case  only  twice  the  weight  of  silver 
is  added.  When  the  alloy  is  silver-white,  consisting  perhaps  of  60  % 
silver  and  40  Vo  gold,  the  proportion  of  silver  cannot  be  estimated, 
and  it  is  then  necessary  to  fuse  the  weighed  portion  with  fully  half 
as  much  pure  silver. 

Care  must  be  taken  in  fusing  the  alloy  with  the  silver  and  borax 
that  the  gold  is  equally  distributed  throughout  the  silver,  and  on 
this  account  the  button  must  be  kept  for  some  time  in  a  fluid  state, 
while  the  E.  F.  is  allowed  to  act  only  on  the  borax  bead.  The  alloy 
obtained  from  minerals  or  gold  ores  proper  is  generally  richer  in  gold 
than  in  silver,  and  hence  in  this  case  also  the  button  should  be  fused 
with  two  and  a  half  times  its  weight  of  pure  silver.  As  regards  the 
alloy  obtained  from  auriferous  silver  ores,  pyrites,  or  matt-like  pro- 
ducts, the  gold  is  generally  much  less  than  one-third  or  one-fourth, 
and  no  silver  need  be  added  to  such  a  compound. 

When  the  silver  in  native  gold,  or  in  an  artificial  alloy  of  gold  and 
silver,  is  also  to  be  determined,  the  weighed  metallic  compound, 
before  being  fused  with  the  pure  silver,  must  be  cupelled  with  one 
or  two  ctrs.  of  test  lead,  to  remove  any  admixture  of  easily  oxidiza- 
ble  metals,  as  iron,  copper,  etc.,  and  the  resulting  button  weighed, 
after  which  the  silver  is  determined  by  difference  when  the  weight 
of  the  separated  gold  has  been  ascertained.  When  regard  must  be 
had  to  the  cupellation  loss  suffered  by  the  silver,  all  of  the  litharge 
and  the  bone-ash  which  is  permeated  by  it  must  be  reduced  on  coal, 
with  the  addition  of  soda  and  borax-glass,  the  resulting  lead  cupelled 


430  plattkee's  blowpipe  analysis. 

and  the  weiglit  of  the  si]ver  button  as  ascertained  on  the  scale  added 
to  the  amount  of  silver  previously  found  by  difference. 

The  surface  of  the  alloy  to  be  parted  is  increased  by  hammering 
it  out  between  paper,  and  it  is  then  heated  to  redness  on  coal  with  a 
weak  blowpipe  flame,  so  as  to  lessen  the  increased  density,  after 
which  it  is  bent  into  a  small  roll.  Very  small  buttons  do  not  lequire 
this  preparation.  It  is  now  laid  in  a  small  porcelain  vessel,  Fig.  62, 
and  chemically  pure,  moderately  strong  nitric  acid  poured  over  it  in 
slight  excess.  The  vessel  is  then  placed  over  the  free  lamp  flame  on 
the  wire  frame  D,  Fig.  7j  and  covered  with  a  watch-glass.  The  silver 
dissolves  readily,  leaving  the  gold  in  a  black  metallic  mass,  which 
preserves  the  shape  of  the  compound  when  considerable  gold  is 
present,  but  otherwise  is  divided  into  several  portions.  As  soon  as 
the  yellow  fumes  cease  the  flame  is  brought  nearer,  and  the  acid 
heated  to  gentle  boiling  for  a  few  minutes,  and  then  the  wire  frame 
is  turned  to  one  side  and  the  vessel  allowed  to  cool  until  it  can  be 
held  with  the  fingers.  Then  the  silver  solution  is  carefully  decanted 
from  the  gold  on  the  bottom  with  the  aid  of  a  glass  rod,  and,  for  the 
sake  of  certainly  removing  all  the  silver  from  an  alloy  rich  in  gold, 
the  remaining  gold  is  boiled  with  fresh  acid.  "When  all  of  the  silver 
solution  is  decanted  the  vessel  is  half  filled  with  distilled  water  and 
again  boiled,  after  which  this  water  is  decanted  and  the  washing 
repeated  several  times,  especially  if  the  amount  of  gold  is  consid- 
erable.* When  the  last  wash- water  has  been  poured  off  the  gold  is 
dried  thoroughly  in  the  vessel  over  the  flame,  care  being  taken  not 
to  heat  it  too  strongly,  or  it  will  adhere  very  firmly  to  the  porcelain. 
The  dried  gold  is  generally  in  a  finely-divided  state  when  its  amount 
is  trifling,  and  it  is  then  advisable  to  mix  it  in  the  vessel  with  a  little 
borax-glass  and  about  one  ctr.  of  test  lead ;  pour  this  mixture  into  the 
mixing  capsule,  and  then  transfer  it  to  a  soda-paper  cylinder,  and 
fuse  the  Avhole  in  a  moderate  E.  F.  on  coal.  After  thorough  fusion 
the  auriferous  lead  is  separated  from  the  glass  by  very  carefully  ham- 
mering it  between  paper,  and  is  cupelled  fine  at  once  on  a  well- 
heated  cupel  of  sifted  bone-ash,  covered  with  elutriated  bone-ash. 
Gold  forms  a  brittle  alloy  with  lead,  if  in  considerable  proportion, 
and  hence  loss  may  ensue  if  the  rich  lead  is  strongly  hammered  or 


*  The  silver  solution  is  decomposed  by  adding  hydrochloric  acid,  and  the  resulting 
chloride  is  washed,  dried,  and  preserved  until  a  quantity  is  on  hand,  when  it  is  reduced 
by  placing  it  in  a  porcelain  vessel,  pouring  water  containing  some  hydrochloric  acid 
over  it,  and  then  adding  a  piece  of  zinc.  The  well-washed  reduced  silver  is  melted  to  a 
button  in  the  R.  F.  on  coal,  with  a  little  borax. 
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pressed.    The  gold  button  is  weighed  or  measured,  according  to  its 
size  {vide  p.  28). 

Should  the  amount  of  gold  be  considerable  it  may  be  shaken  into 
a  platinum  spoon  or  a  clay  crucible  and  heated  to  redness.  The 
spoon  is  heated  over  the  spirit-lamp,  the  clay  crucible  in  a  square 
coal,  as  described  in  the  quantitative  lead  assay,  the  crucible  and 
coal  being  uncovered  and  only  a  low  red  heat  applied.  The  heated 
gold,  which  has  baked  together  and  has  a  light  gold  color,  is  then 
weighed. 

When  the  gold  has  been  extracted  from  an  ore  by  chlorine  the  silyer  remains  in  the 
ore  as  chloride,  and  its  amount  must  be  ascertained  by  making  a  duplicate  blowpipe 
assay  for  auriferous  silver. 

b.  Assay  of  metallic  compounds  which  contain  other  metals  besides  gold 
and  silver,  as  copper,  platijium,  iridium,  palladium,  or  rhodium. 

1.  Gold  alloyed  with  both  copper  and  silver. 

Thirty  to  fifty  milligr.  of  the  alloy  are  weighed  and  -fused  with 
3*5  to  8  ctrs.  test  lead,  according  to  the  copper  present,  with  a  good 
R.  F.  under  borax-glass  on  coal,  and  the  resulting  lead  cupelled  like 
any  other  lead  containing  copper,  p.  410.  Should  the  argentiferous 
gold  button  resulting  from  the  fine-cupellation  seem  too  impure, 
owing  to  a  small  admixture  of  copper,  it  must  be  cupelled  fine  at 
once  on  a  free  spot  of  the  cupel  after  adding  one  ctr.  of  test  lead. 
When  both  the  gold  and  silver  are  to  be  determined  the  refined  but- 
ton is  weighed  and  the  two  metals  are  then  parted  as  above  described. 
There  is  undoubtedly  some  cupellation  loss  in  cupelling  such  an 
alloy,  but  this  can  be  ascertained  by  reducing  the  litharge  and  treat- 
ing it  as  described  on  p.  429. 

Suppose  that  our  alloy  weighed  40  milligr.  and  we  obtained  a  gold  and  silver  button 
of  28  milligr.,  which  yielded  20  milligr.  of  gold  after  parting.  Then,  since  pure  gold 
is  24  carats  fine,  we  would  have 


40 

:     24     : 

:     12 

:       7.2 

carats  of  copper, 

40 

24     : 

:       8 

:      4.8 

"      "   silver, 

40 

:     24     : 

:     20 

:     12.0 
24.0 

"      "  gold, 
carats. 

2.  Here  are  included  alloys  of  gold  with  platinum,  with  platinum 
and  silver,  and  with  platinum,  silver,  and  copper. 

a.  Gold  and  platinum.  When  the  amount  of  platinum  is  consid- 
erable, the  separation  is  best  efiected  by  dissolving  thirty  to  fifty 
milligr.  of  the  alloy  in  aqua  regia  (three  parts  of  hydrochloric  and 
one  of  nitric  acid),  by  warming  it  in  a  beaker-glass,  adding  chloride 
of  ammonium  to  the  solution,  and  evaporating  the  whole  to  dryness 
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in  a  porcelain  dish  at  a  moderate  temperature,  so  as  not  to  decom- 
pose the  salt.  The  residue  is  then  washed  on  a  small  filter  with 
alcohol  of  75°  to  80°,  until  a  fresh  portion  of  alcohol  is  no  longer 
colored  yellow.  By  this  means  the  gold  is  dissolved  out  and  may  be 
precipitated  in  the  metallic  state,  after  adding  water  to  the  solution 
and  removing  the  alcohol  through  evaporation,  by  a  solution  of  sul- 
phate of  iron,  or  by  warming  it  with  a  solution  of  terchloride  of 
antimony,  allowing  it  to  settle  and  collecting  it  on  a  filter.  The 
filter  is  unfolded,  dried  in  a  porcelain  dish  over  the  lamp,  folded  up 
again,  and  incinerated  over  the  agate  mortar,  being  held  up  by  one 
edge  with  the  forceps.  The  ashes  are  mixed  with  about  fifty  milligr. 
borax -glass,  wrapped  in  soda-paper,  and  the  divided  gold  fused  to  a 
button  with  the  0.  F.  on  coal,  while  the  ashes  are  slagged  off.  This 
button  is  freed  from  the  borax  between  paper  on  the  anvil  and 
weighed. 

As  alloys  containing  much  platinum  rarely  require  to  be  treated*, 
this  separation,  which  requires  much  time,  is  seldom  made.  It  is 
more  frequently  the  case  that  gold  containing  but  a  small  quantity 
of  platinum  is  to  be  assayed  for  fine  gold.  Thirty  to  fifty  milligr. 
of  such  an  alloy  are  fused  thoroughly  with  three  times  as  much  pure 
silver,  the  alloy  then  hammered  as  thin  as  possible,  heated  to  redness, 
rolled  up  and  treated  a  few  times  with  nitric  acid  according  to  p.  428. 
By  boiling  the  alloy  somewhat  longer  than  if  it  were  free  from  pla- 
tinum, the  latter  is  dissolved  with  the  silver,  leaving  either  pure  gold, 
or,  if  there  was  nearly  ten  per  cent,  of  platinum  in  the  original  alloy, 
gold  with  a  little  platinum.  In  the  first  case  the  gold  is  boiled  with 
distilled  water,  washed  a  few  times  with  cold  water,  dried,  heated. to 
redness  in  a  platinum  spoon,  and  weighed.  In  the  second  case, 
however,  the  gold  does  not  show  a  pure  gold  color  after  being 
weighed  and  fused  with  a  little  borax  on  coal,  and  it  must  be  again 
fused  with  three  times  its  weight  of  silver,  after  which  the  platinum 
can  be  completely  removed  by  nitric  acid. 

p.  Gold,  platinum,  and  silver.  "When  no  regard  is  had  to  the  silver 
the  method  just  described  is  exactly  followed,  but  if  the  silver  is  to 
be  determined  it  must  first  be  extracted  with  sulphuric  acid.  To  do 
this  with  proper  accuracy  the  alloy  should  contain,  according  to 
Chaudet,  for  one  part  of  gold  and  platinum  not  less  than  one  and 
a  quarter  nor  more  than  two  parts  of  silver,  because  some  platinum 
seems  to  dissolve  with  more  silver.  When  silver  is  lacking,  an 
accurately  weighed  quantity  of  pure  silver  must  be  added,  and  if 
gold  is  lacking  the  alloy  must  be  melted  with  pure  gold,  to  secure 
the  necessary  proportions  of  the  metals.    Thirty  to  fifty  milligr.  of 
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the  alloy  being  weighed  out  and  brought  to  the  proper  proportions 
by  fusing  it  with  gold  or  silver  and  borax-glass  on  coal,  the  button 
is  beaten  as  thin  as  possible,  heated  to  redness,  and  rolled  up.  After 
being  weighed  to  see  that  no  mechanical  loss  has  occurred,  it  is 
covered  with  concentrated  sulphuric  acid  in  a  porcelain  vessel  and 
boiled  for  ten  minutes.  After  cooling  somewhat,  the  acid  solution,  con- 
taining sulphate  of  silver,  is  decanted  and  the  porous  metallic  residue 
boiled  five  minutes  longer  with  fresh  acid  to  complete  the  separation 
of  the  silver.  The  remaining  roll  is  boiled  with  distilled  water,  dried, 
ignited,  and  weighed ;  the  difference  gives  the  weight  of  the  silver. 

The  gold  and  platinum  are  then  separated  by  fusion  with  silver 
and  solution  in  nitric  acid,  as  described  under  a.. 

y.  Gold,  platinum,  silver,  and  copper.  The  copper  is  first  separated 
by  cupelling  the  alloy  with  test  lead  as  described  on  p.  431.  If  the 
gold  cannot  be  made  fine,  owing  to  the  presence  of  too  much  plati- 
num, the  rest  of  the  lead  is  separated  by  means  of  boracic  acid,  as 
given  in  the  qualitative  assay,  p.  316 ;  it  bemg  assumed  that  the  cop- 
per has  been  separated  on  the  cupel.  The  silver  is  then  removed 
with  sulphuric  acid,  and  the  gold  and  platinum  separated  as  above. 

3.  Gold  containing  iridinm.  The  iridium  can  be  very  easily 
detected  and  separated  by  treating  the  alloy  with  aqua  regia,  which 
dissolves  the  gold  and  leaves  the  iridium  as  a  black  powder.  "When 
the  decomposition  is  effected  the  gold  solution  is  diluted  with  water, 
fHtered,  and  the  iridium  well  washed.  The  gold  is  precipitated  either 
with  sulphate  of  iron  or  by  warming  it  with  terchloride  of  antimony, 
according  to  p.  431,  and  determining  it  as  there  directed.  Any  cop- 
per in  the  alloy  is  first  removed  by  cupelling  it  with  three  to  five 
parts  of  test  lead,  and  subsequently  every  trace  of  lead  is  removed 
with  boracic  acid  on  coal,  if  the  gold  containing  iridium  cannot  be 
made  fine  by  simple  cupellation. 

4.  Gold  containing  palladium.  Thirty  to  fifty  milligr.  of  the  gold 
containing  palladium  are  fused  with  three  times  as  much  silver  and 
treated  with  nitric  acid,  as  described  in  the  separation  of  gold  from 
platinum.  The  gold  remaining  behind  is  boiled  and  washed  with 
distilled  water,  ignited,  and  weighed.  Should  the  alloy  not  be  free 
from  easily  oxidizable  metals,  the  separation  of  the  gold  from  the 
palladium  is  preceded  by  cupellation  with  three  to  five  parts  of  test 
lead,  and,  if  necessary,  treated  with  boracic  acid  on  coal.  The  silver 
is  precipitated  from  the  diluted  solution  by  salt  and  the  palladium  in 
the  metallic  state  by  zinc. 

5.  Gold  containing  rhodium.  According  to  del  Eio,  when  the  gold 
is  the  prevailing  constituent  the  alloy  is  dissolved  without  residue  in 
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aqua  regia,  aud  the  gold  can  then  be  precipitated,  free  from  rhodium, 
by  sulphate  of  iron.  According  to  Berzelius,  rhodium  can  be  separa- 
ted from  platinum,  iridium,  and  osmium,  by  fusing  the  finely-divided 
alloy  with  bisulphate  of  potassa,  Avhich  dissolves  it  and  leaves  the 
other  metals.  Gold  being  likewise  insoluble,  this  method  can  be 
applied  to  gold  containing  rhodium  if  the  alloy  is  converted  into  a 
thoroughly  porous  state.  Thirty  to  fifty  milligr.  of  the  alloy  are 
weighed  out,  fused  with  borax-glass  and  three  times  the  weight  of 
pure  silver,  then  beaten  out  as  thin  as  possible,  annealed  and  bent 
into  a  roll.  This  is  treated, with  nitric  acid  until  all  the  silver  is 
dissolved,  leaving  the  spongy  gold  and  rhodium  in  the  shape  of  the 
roll.  The  silver  solution  is  decanted,  the  roll  boiled  aud  washed  well 
with  water,  then  dried  in  the  porcelain  vessel.  It  is  now  gradually 
heated  in  the  large  platinum  spoon  or  a  platinum  dish  with  a  suffi- 
cient amount  of  bisulphate  of  potassa,  until  the  salt  is  fluid  at  a  low 
red  heat.  The  rhodium  and  any  remaining  silver  dissolve  with  lively 
evolution  of  sulphurous  acid,  imparting  a  dark  red,  almost  black,  color 
to  the  salt.  When  the  evolution  of  sulphurous  acid  ceases  and  the 
fluid  salt  becomes  quiet,  it  is  poured  ofi"  from  the  gold  upon  the  iron 
anvil  as  completely  as  possible,  using  the  iron  spatula  for  the  pur- 
pose, and  the  fusion  is  repeated  with  fresh  bisulphate.  This  portion, 
which  is  only  slightly  colored,  having  been  poured  ofi*,  the  gold  is  boiled 
a  few  times  with  distilled  water  in  a  porcelain  vessel,  dried,  ignited, 
and  weighed.  It  is  safe  to  ascertain,  in  case  much  rhodium  was 
present,  whether  this  gold  is  quite  free  from  rhodium,  by  again  fusing 
it  with  three  times  its  weight  of  silver,  dissolving  it  in  the  shape  of 
a  roll  in  nitric  acid,  treating  it  again  with  bisulphate  of  potassa, 
washing,  drying,  igniting,  aud  reweighing  it.  A  trace  of  remaining 
rhodium  Avill  be  shown  by  the  pale  yellowish  color  imparted  to  the 
bisulphate,  and  if  weighable  is  also  detected  by  the  difference  in  the 
weight  of  the  gold. 

c.  Assay  of  metallic  compounds  of  gold  and  mercury. 

Gold  amalgam  occurs  in  nature,  p.  318,  and  is  also  artificially 
produced  by  the  amalgamation  of  gold  ores  aud  for  gildiug  metallic 
instruments,  etc. 

About  fifty  milligr.  of  amalgam  are  weighed  out,  the  scale  pans 
being  covered  with  paper  if  of  silver  or  gilded,  and  then  distilled 
just  like  the  silver  amalgam,  p.  421.  The  remaining  gold  is  cupelled 
with  one  ctr.  test  lead  and  weighed.  If  a  light  color  of  the  button 
indicates  silver,  this  is  to  be  separated  by  the  process  described  on 


THE  ASSAY  FOE  COPPER.  435 

p.  430,  and  the  amount  of  gold  and  silver  reckoned,  after  again 
weighing  the  gold  button  obtained  from  the  separation. 

When  one  ctr.  of  the  mercury  to  be  treated  contains  a  weighable 
quantity  of  both  gold  and  silver,  the  method  given  on  p.  421  is  fol- 
lowed exactly,  and  the  argentiferous  button  melted  with  two  to  three 
parts  of  pure  silver  and  separated  as  above.  Tiie  diiference  in  weight 
between  the  argentiferous  gold  button  and  the  gold  button  gives  the 
weight  of  silver.  When  the  mercury  is  very  poor  and  one  ctr.  will 
not  afford  a  weighable  argentiferous  gold  button,  several  centners  are 
distilled  in  a  small  glass  retort  with  a  receiver  over  the  spirit-lamp, 
or  the  distillation  may  be  made  in  a  tube  blown  out  at  one  end, 
which  is  charged  with  one  ctr.  of  amalgam,  the  condensed  mercury 
cleaned  out,  and  another  centner  of  amalgam  charged  and  distilled, 
continuing  this  until  a  weighable  crust  of  gold  and  silver  is  observed 
in  the  bulb.  The  operation  is  then  continued  as  directed  for  mer- 
cury containing  silver,  p.  421.  The  silver  and  gold  are  separated 
and  determined  as  before. 


3.  THE  ASSAY  FOR  COPPER. 

Copper  can  be  separated  with  little  difficulty  by  means  of  the 
blowpipe,  in  the  metallic  state,  when  in  combination,  even  if  com- 
bined with  other  metals.  Eegard  must,  however,  be  had  to  the 
different  ways  in  which  it  occurs,  both  in  nature  and  in  artificial 
products,  as  enumerated  on  pp.  287-391,  because  its  quantitative 
determination  varies  in  the  different  cases.  Substances  containing 
copper  are  therefore  most  suitably  classified  as  follows : 

A.  Ores,  minerals,  and  metallurgical  jjroducts : — 

a.  Containing  volatile  constituents  ; 

b.  Containing  copper  in  an  oxidized  state,  free  from,  or  com- 

bined with,  acids  and  water ;  or  slagged  with  earthy  mat- 
ters, or  combined  in  any  other  way. 

B.  Alloys,  in  which  copper  is  the  prevailing,  or  an  accessory,  in- 

gredient : 

a.  Plumbiferous  copper  and  cupriferous  lead  ; 

b.  Compounds  of  copper  Avitli  iron,  nickel,  cobalt,  zinc,   and 

bismuth ;  either  singly,  or  several  at  the  same  time,  while 
lead,  antimony,  and  arsenic  frequently  accompany  it ; 

c.  Copper  containing  antimony ; 
'     d.  Copper  containing  tin. 

Before  the  fusion  of  substances  belonging  to  class  A,  a,  prelim- 
mary  roasting  is  necessary  to  remove  the  sulphur  and  arsenic. 
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A.  Assay  of  Ores,  Minerals,  and  Products, 

which,  a,  contain  volatile   constituents,  as  sulphur,  selenium,  and 
arsenic. 

This  includes  copper  ores  dressed  on  the  large  scale  ;  among  min- 
erals, the  compounds  of  copper  with  selenium,  arsenic,  and  sulphur, 
pp.  287-288 ;  among  metallurgical  products,  copper  matt,  regulus, 
cupriferous  Rohstein,  lead  matt,  tutty,  or  cadmia,  etc. 


ROASTIKG   THE   ASSAY. 

One  ctr.  of  the  assay  powder  is  mixed  in  an  agate  mortar  with 
three  times  its  rolume  of  pure  dry  charcoal  dust,  or  with  twenty  to 
thirty  milligr.  of  graphite,  which  is  preferable  in  nearly  all  cases, 
and  especially  for  substances  very  rich  in  arsenic.  Minerals  which, 
on  account  of  a  considerable  proportion  of  sulphide  of  antimony  or 
bismuth,  fuse  easily  together  at  a  low  red  heat,  viz.,  chalcostibite, 
bournonite,  emplectite,  receive  an  addition  of  fifty  milligr.  pure  ses- 
quioxide  of  iron,  or  pulverized  hematite,  which  prevents  them  from 
fusing  together,  and  has  not  the  least  injurious  effect  on  the  subse- 
quent separation  of  the  copper.  The  carefully-mixed  charge  is 
transferred  to  a  clay  capsule,  which  has  been  painted  with  reddle, 
and  is  then  spread  out  with  the  iron  spatula. 

A  square  coal,  p.  18,  Fig.  19,  F,  with  a  hollow  in  it,  either  of 
natural  or  artificial  charcoal,  is  then  fixed  in  the  coal-holder,  p.  39, 
and  so  much  of  the  coal  cut  out  on  one  side  of  the  cavity  with  the 
knife  as  is  indicated  by  the  slit  I,  Fig.  53,  p.  40,  so  that  the  space 
cut  out  forms  a  channel  leading  to  the  cavity.  The  wire  and  pla- 
tinum shield,  p.  40,  are  fixed  in  the  cavity,  and  then  the  capsule  is 

set  upon  the  wire  with  the  forceps,  as  shown 
in  Fig.  82.  In  all  these  assays  the  aperture  in 
the  blowpipe  tip  should  not  be  too  narrow, 
p.  5.  At  first  a  moderate  0.  F.  is  directed 
through  the  lower  part  of  the  channel  a  into 
the  empty  space  below  the  capsule,  so  as  to 
bring  the  sides  of  the  cavity  and  the  capsule 
itself  to  a  low  red  heat.  The  point  of  the 
blue  flame  must  reach  little  or  not  at  all 
within  the  coal-holder.  When  the  substance  begins  to  glow,  if  coal 
dust  has  been  used,  a  moderate  blast  must  be  continued  for  some 
time,  so  that  the  particles  of  ore  may  not  bake  together,  much  less 
sinter  or  fuse,  while  the  coal  is  consuming.    When  this  has  con- 
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sumed,  which  can  be  ascertained  by  examination  with  the  iron 
spatula,  first  warming  it  in  the  spirit  flame  to  prevent  adhesion  of 
the  ore,  the  capsule  is  removed  and  the  somewhat  cooled  charge 
poured  into  the  agate  mortar  and  rubbed  fine.  The  ore  will  usually 
have  changed  in  color  and  lies  in  a  quite  porous  state  in  the  capsule, 
so  that  it  is  seldom  necessary  to  detach  still  adhering  particles  with 
the  spatula. 

This  roasting  is  conipleted  in  about  ten  minutes,  and  most  of  the 
volatile  substances — sulphur,  selenium,  arsenic,  and  part  of  the 
antimony  are  removed,  while  the  addition  of  coal  has  prevented  to  a 
great  degree  the  formation  of  sulphates  and  arsenates.  Some  arsenic 
and  sulphur  remain,  however,  partly  as  unaltered  sulphides  and 
arsenides  and  partly  as  acids  combined  with  the  metallic  oxides 
formed,  and  to  remove  them  as  completely  as  possible  a  second 
roasting  is  required.  The  substance  is  therefore  again  mixed  in  the 
mortar  with  three  times  its  volume  of  charcoal  dust,  the  capstile 
painted  anew  with  reddle  and  replaced  with  the  charge  upon  the 
wire,  when  the  roasting  is  continued.  As  soon  as  the  intermingled 
coal  is  in  full  glow  a  somewhat  stronger  heat  is  employed,  and  the 
presence  of  still  volatilizing  constituents  tested  by  smelling.  When 
the  charge  ceases  to  give  any  odor,  the  rest  of  the  coal  is  burned  off 
and  the  assay  regarded  as  thoroughly  roasted.  If,  however,  fumes 
are  seen  to  escape,  the  assay  must  be  again  rubbed  in  the  mortar, 
coal  dust  added,  and  a  third  roasting  undertaken,  during  which  the 
presence  of  volatile  constituents  is  again  tested  by  smelling.  When 
no  more  fumes  can  be  smelled  and  the  coal  dust  is  consumed,  the 
capsule  is  removed  and  allowed  to  cool.  Should  fumes  still  be 
observed,  which  is  only  the  case  with  substances  containing  much 
arsenide  of  nickel,  even  a  fourth  roasting  is  necessary;  but  geiierally 
the  second  is  enough.  Since  it  would  be  tedious  to  reweigh  the 
assay,  and  thus  ascertain  whether  its  weight  remained  constant,  the 
absence  of  any  odor  of  volatile  bodies  from  the  glowing  assay  is 
regarded  as  indicating  the  completion  of  the  roasting  when  coal 
dust  is  added.  The  color  of  the  roasted  substance  affords  a  tolerably 
sure  sign  of  its  richness  in  copper.  The  darker  its  blackish-brown 
color  after  cooling,  so  much  the  richer  is  it  in  copper,  while  a  redder 
or  lighter  shade  indicate  less  of  this  metal. 

In  roasting  with  grapliite  the  assay  is  kept  at  a  red  heat  from  the 
beginning  of  the  roasting  until  no  more  volatile  substances  can  be 
smelled.  The  graphite  is  less  easily  destroyed  than  the  charcoal  dust, 
and  being,  therefore,  longer  in  direct  contact  with  the  substances, 
constantly  exerts  a  deoxidizing  influence  on  the  volatile  constituents, 
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preve]iting  the  formation  of  sulphates  or  arsenates  better  than  the 
coal,  which  has  to  be  added  anew  in  order  to  decompose  them.  When, 
therefore,  the  fumes  cease,  the  capsule  is  removed,  and  the  substance, 
mixed  with  still  undestroyed  graphite,  is  carefully  rubbed  in  the 
mortar.  This  is  necessary,  because  the  graphite  is  more  destroyed  in 
the  upper  layer  than  below,  and  there  may  also  possibly  be  imperfectly 
roasted  portions  here  and  there,  which  are  thus  brought  into  fresh 
contact  with  the  graphite.  After  spreading  out  the  mixture  again  in 
the  capsule,  which,  if  necessary,  is  painted  with  fresh  reddle,  it  is 
again  heated  to  redness,  but  more  strongly  than  at  first.  Sometimes 
at  the  commencement,  fumes,  resulting  generally  from  some  remain- 
ing arsenic,  may  be  smelled,  but  shortly  not  the  least  trace  can  be 
smelled,  and  after  continuing  the  blast  awhile  nearly  all  the  graphite 
is  destroyed,  and  the  assay  can  be  removed  from  the  coal. 

The  only  indication  of  a  well-roasted  assay  is  the  absence  of  any 
odor  of  volatilizing  constituents  over  the  assay,  which  is  glowing,  and 
mixed  with  undestroyed  gi'aphite. 

When  the  assay  contains  sulphide  of  lead  only  a  part  of  the  sulphur  combined  with 
the  lead  is  removed  and  basic  sulphate  of  lead  remains.  Moreover,  when  examining 
an  ore  dressed  on  the  large  scale  for  copper,  if  it  contains  harytes  or  gypsum  and  must 
be  first  roasted,  it  is  impossible  to  remove  the  sulphuric  acid  combined  with  the  lime  or 
baryta,  either  by  means  of  coal  or  graphite.  When  the  ore  contains  an  admixture  of 
ccdcite,  this  is  likewise  altered  during  roasting  into  sulphate  of  lime,  if  metallic  sulphides 
are  present.  If  disregarded,  these  undecomposable  sulphates  may  have  a  very  injurious 
effect  on  the  success  of  the  assay  during  the  reduction  of  the  oxide  of  copper  formed, 
since  they  are  decomposed  by  fusion  with  alkaline  fluxes,  and  give  rise  to  the  formation 
of  sulphide  of  copper.  During  the  fusion  for  black  copper,  therefore,  regard  must  be  had 
to  this  point,  and  the  remaining  sulphur  be  made  harmless  as  there  indicated. 

The  roasting  is  followed  by 

THE   FUSION"   FOR   BLACK   COPPER. 

The  roasted  substance,  which  may  contain,  besides  oxide  of  copper, 
various  metallic  oxides  and  earthy  matters,  is  charged  for  reduction 

with 

100  to  150  milligr.  soda,*  according  to  the  amount  of 
sillicic  acid  (quartz)  present, 
50  milligr.  borax-glass,  and 
30  to  50  milligr.  test  lead. 
If  the  substance  contains  sufficient  lead,  or  if  there  is  considerable 
antimony,  bismuth,  or  tin  present,  as  m  tetrahedrite,  emjolectite,  and 
slan7iite,  and  the  roasting  has  been  conducted  with  great  care,  no  test 

*  The  soda  and  borax-glass  must  be  perfectly  dry,  or  else  so  lively  a  motion  occurs 
b  the  mass  during  the  fusion  that  a  mechanical  loss  can  scarcely  be  avoided. 
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lead  is  needed,  because  the  reduction  yields  an  easily  fusible  alloy, 
from  which  the  copper  can  be  obtained  pure.  It  is,  to  be  sure,  safer 
to  add  at  least  thirty  miliigr.  test  lead,  even  with  plunibiferous  sub- 
stances, on  account  of  the  unavoidable  formation  of  sulphate  of  lead. 

The  soda  serves  as  a  reducing  agent  for  the  oxide  of  copper  and 
other  easily  reducible  oxides,  and  to  slag  off  the  quartz  or  silicates ; 
the  borax  as  a  solvent  for  oxides  of  difficult  reduction,  as  oxide  of 
iron,  manganese,  and  cobalt,  and  for  many  earthy  ingredients;  the 
test  lead  takes  up  the  reduced  copper,  and  forms  an  easily  fusible 
alloy,  llach  copper,  from  which  the  pure  copper  can  be  separated  in  a 
short  time. 

The  roasted  substance  and  charge  are  well  mixed  in  the  agate 
mortar,  transferred  to  the  mixing  capsule,  and  thence  to  a  soda-paper 
cylinder,  as  in  the  silver  assay.  In  this  charge,  however,  there  is  less 
test  lead,  and  it  does  not  pour  into  the  cylinder  so  readily,  so  that 
the  ivory  spoon-handle,  or  the  spatula,  must  be  used  to  push  the 
charge  in  small  portions  into  the  cylinder,  after  which  all  adliering 
particles  are  brushed  in.  The  closed  cylinder  is  then  placed  in  a  coal 
crucible,  or  in  an  excavated  coal,  and  a  pure  E.  F.,  at  first  very  feeble, 
and  subsequently  made  stronger,  directed  upon  it  until  all  the  paper 
is  destroyed,  and  either  various  sized  metallic  globules  appear  in  the 
fluid  glass  bead,  which  is  now  to  be  regarded  as  a  slag,  or  the  reduced 
copper,  united  with  the  lead  or  other  easily  fusible  metals,  appears  as  a 
button  beside  it.  From  this  time  the  reducing  flame  is  directed  only 
upon  the  slag,  the  position  of  which  is  so  changed  by  slowly  turning 
the  coal  that  the  separate  globules  can  unite  to  one  metallic  button. 
After  several  times  altering  the  position  of  the  slag  with  regard  to 
this  fluid  button,  so  that  every  part  which  has  been  in  contact  with 
the  coal  appears  free  from  metallic  globules  on  coming  into  the 
opposite  position,  the  blast  can  be  stopped  and  the  fusion  regarded  as 
complete.  The  metallic  button  is  either  taken  out  with  the  forceps 
the  "moment  it  solidifies,  or  is  allowed  to  cool  in  the  slag  on  the 
coal,  and  then  separated  from  it  between  paper  on  the  anvil,  after 
which  the  oxidizable  metals  combined  with  the  copper  are  removed 
with  appropriate  fluxes  or  by  simple  volatilization,  aecordmg  to  the 
processes  described  hereafter  under  the  metallic  compounds.  The 
button  must  be  light  bluish-gray  or  whitish,  and  have  a  weak  metallic 
lustre.* 


*  All  black  copper  free  from  antimony,  bismuth,  tin,  and  sulphur,  is  malleable ; 
while  that  containing  more  or  less  of  these  bodies,  or  trifling  quantities  of  arsenic  com- 
bined with  nickel  and  cobalt,  is  more  or  less  brittle,  and  therefore  the  greatest  care  must 
be  taken  to  avoid  mechanical  loss  in  removing  the  slag. 
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Slag  which  is  gray  or  black  when  cold,  and  is  quite  free  from 
metallic  globules,  which  can  be  best  ascertained  with  the  magnifying 
glass,  can  be  thrown  away,  but  if  it  contains  metallic  globules,  or  has 
a  more  or  less  red  color  indicative  of  suboxide  of  copper,  the  assay 
must  be  treated  some  time  longer  in  the  E.  F.,  and  it  is  well  to  add 
about  fifty  milligr.  of  soda.  Care  must  be  taken  to  lose  no  slag  when 
removing  it  from  the  black  copper  button,  as  it  might  be  necessary  to 
remelt  it.  As  a  rule,  the  assay  is  carefully  examined  with  the  glass 
after  removing  it  from  the  coal,  to  see  whether  all  the  copper  is  re- 
duced and  melted  to  one  button,  so  that  the  slag  need  not  be  previously 
separated  from  the  black  copper,  in  case  a  further  fusion  is  required. 

If  the  surface  of  the  black  copper  button  is  very  gray  or  nearly  black  and  without 
any  metallic  lustre,  it  is  nearly  certain  to  contain  more  or  less  sulphur,  resulting 
from  sulphate  of  baryta,  lime,  or  lead  in  the  roasted  substance,  or  from  imperfect  roasting. 
The  first  named  salts  are  decomposed  by  the  soda  during  the  reduction,  forming  at  first 
only  sulphide  of  sodium,  which,  however,  afterward  yields  sulphur  to.  the  reduced 
metals  and  the  copper.  In  case  of  imperfect  roasting  the  substance  still  contains 
sulphates  of  the  metallic  oxides,  which  are  very  easily  reduced  to  sulphides.  In  case  the 
admixture  of  earthy  or  metallic  sulphates  in  the  roasted  substance  is  considerable,  and 
the  reduction  is  made  rapidly  at  a  high  temperature,  the  black  copper  button  is  covered 
with  a  very  brittle  crust  of  sulphide  of  copper  and  lead ;  while  if  the  reduction  was 
made  slowly,  so  as  to  afford  the  sulphur  an  opportunity  to  volatilize  as  sulphide  of  lead, 
the  resulting  button  is  sometimes  tolerably  free  from  sulphur.  The  metallic  sulphides 
formed  in  reducing  an  assay  containing  a  small  quantity  of  earthy  or  metallic  sulphates 
are  also  destroyed  by  continued  fusion  in  presence  of  sufficient  lead,  so  that  in  most  cases 
the  black  copper  button  is  free  from  metallic  sulphides. 

In  case  the  btttton  is  surrounded  with  a  crust  of  sulphide  of  copper  and  lead  it  must 
be  very  carefully  separated  from  the  slag  between  paper,  or,  to  avoid  mechanical  loss, 
the  whole  assay  is  raQlted  on  coal  in  the  R.  F.,  and  the  button  taken  out  quickly  as  soon 
as  it  is  solid.  It  is  then  melted  on  coal  in  the  R.  F.,  with  about  twice  as  much  test  lead 
and  some  borax-glass,  and  the  borax  bead  beside  the  button  treated  with  the  R.  F.,  until 
all  the  sulphur  has  volatilized  with  a  part  of  the  lead,  leaving  an  alloy  which  shows  a 
clean  metallic  surface  on  cooling.  The  button  is  then  separated  from  the  colorless  glass 
and  refined  with  boracic  acid  according  to  B,  a. 

If  the  substance  contained  much  antimony,  and  was  therefore  charged  withouj;  test 
lead,  then,  in  presence  of  sulphates,  the  sulphur  is  volatilized  in  combination  with  the 
antimony  during  the  reduction,  so  that  a  copper  button  containing  only  antimony  ia 
obtained,  which  is  refined  according  to  B,  c. 

A  copper  button  containing  bismuth  or  tin  is  freed  from  a  little  sulphur  by  refining., 
as  is  described  below  in  B,  b,  a. 
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h.  Ores,  minerals,  and  products  containing  copper  in  the  state  of 
oxide,  or  combined  luith  chlorine  ;  it  being  in  the  former  case  pure, 
or  combined  with  acids  or  water,  or  slagged  ivith  earthy  matters^ 
or  otherwise  combined. 

Here  are  ranked  atacamite,  cziprite,  tenorite,  melaconite,  crednerite, 
cupreous  manganese  ;  likewise  all  the  minerals  mentioned  on  pp.  289- 
291,  containing  sulphate,  phosphate,  carbonate,  arsenate,  chromate, 
vanadate  and  silicate  of  copjDcr ;  among  metallurgical  products,  all  sorts 
of  slags  from  copper  smeltings ;  among  artificial  products,  especially 
colors  prepared  from  copper  and  blue  vitriol  with  other  cupriferous 
vitriols. 

With  the  exception  of  the  vitriols  and  poor  slags,  a  quantity  of 
assay  powder  is  prepared  from  the  substance,  and  one  ctr.  weighed  out 
and  charged  as  follows,  without  roasting : 

100         milligr.  soda, 
50  "       borax-glass, 

30-50        «       test  lead. 

In  case  phosphoric  acid  is  present,  as  in  phosphate  of  copper,  which 
is  not  entirely  reduced  by  the  above  charge,  twenty  milligr.  fine  iron 
filings  are  added. 

The  addition  of  test  lead  is  unnecessary  for  cupriferous  slags  con- 
taining not  too  little  oxide  of  lead,  as  in  certain  refining  slags ;  but 
if  they  at  the  same  time  contain  protoxide  of  nickel,  which  is  easily 
reduced  and  combined  with  the  copper,  it  is  better  to  add  some  lead. 
The  substance  is  mixed  with  the  charge  in  the  agate  mortar  and 
fused  just  like  the  roasted  substance,  pp.  438-439.  The  soda  acts 
partly  as  a  reducing  agent,  and  partly  as  a  base  for  the  non-reducible 
acids;  the  borax,  as  a  solvent  for  the  earthy  matters  and  metallic 
oxides  of  difficult  reduction,  and  it  also  prevents  the  soda  from  sinking 
into  the  coal  in  their  absence ;  the  test  lead,  as  a  protection  against 
mechanical  loss ;  the  iron  filings,  to  separate  the  phosphoric  acid  as 
phosphide  of  iron,  which,  indeed,  combines  with  the  black  copper,  but 
is  separated  from  it  simultaneously  with  the  lead  during  the  refining, 
described  under  B,  a. 

Blue  vitriol,  or  other  cupriferous  vitriols,  cannot  be  thus  treated, 
since  the  sulphuric  acid  is  reduced  to  sulphur,  which,  forming  at  first 
sulphide  of  sodium,  is  again  sei3arated  after  longer  reduction,  and  com- 
bines with  the  reduced  copper  to  sulphide  of  copper,  and  this  cannot 
be  freed  from  the  sulphur  without  loss.  It  is  safer  to  dissolve  two 
hundred  milligr.  of  the  vitriol  over  the  lamp  flame  in  a  porcelaiT\  ves- 
sel with  water,  convert  the  protoxide  of  iron  into  sesquioxide  with  a 
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few  drops  of  nitric  acid  at  a  boiling  heat,  precijntate  the  metallic 
oxideB,  from  the  hot  solution  with  potassa,  and  then  wash  the  precipi- 
tate well  on  a  filter,  which  is  dried  and  ignited  over  the  mortar.  The 
oxides  and  the  filter  ash  are  then  mixed  with  one  .hundred  milligr. 
soda,  fifty  milligr.  borax-glass,  and  twenty  to  thirty  milligr.  lead,  and 
treated  as  before  for  black  copper. 

In  case  of  slags  so  poor  that  the  copper  in  a  centner  can  scarcely  be 
se^Darated  and  weighed  as  a  pure  button,  fifty  to  eighty  milligr.  of 
gold,  beaten  thin,  is  added,  and  the  copper  then  combines  so  perfectly 
with  it  that  none  can  be  detected  in  the  slag  after  fusion.  The  fluid 
gold  must,  however,  be  carefully  brought  i^to  contact  with  every 
part  of  the  likewise  fluid  slag  during  the  reduction.  If  the  slag  con- 
tains only  protoxide  of  iron,  and  suboxide  of  copper,  the  increase  of 
weight  in  the  button  freed  from  slag  gives  the  amount  of  the  copper ; 
but  if  oxide  of  lead  was  present  the  button  also  contains  lead,  which 
Djust  first  be  separated  with  boracic  acid,  as  will  be  described  in  the 
S(  paration  of  lead  from  copper.  If  besides  suboxide  of  copper  protox- 
ide of  nickel  was  present,  this  is  likewise  reduced,  imparting  to  the 
gold  a  gray  color  and  making  it  harder  and  more  brittle,  while  it 
would  cause  too  high  an  amount  of  copper  if  disregarded.  The  but- 
ton is  therefore  weighed  and  afterward  treated  on  coal  with  borax,  so 
as  to  keep  the  blue  flame  in  contact  with  the  borax,  when  the  nickel 
is  oxidized  and  dissolved,  coloring  the  glass  brown,  while  the  copper 
i-emains  with  the  gold,  and  its  weight  is  again  ascertained.  The  sep- 
aration of  the  nickel  is  slow,  but  unattended  by  any  loss  of  copper  if 
carefully  conducted. 

B.  Assay  of  alloys  in  which  copper  forms  an  ingredient. 

a.  Alloys  of  copper  and  lead. 

Here  belong  the  plumbiferous  copper  obtained  by  the  reduction  of 
the  foregoing  substances  with  the  test  lead,  as  well  as  the  cupriferous 
lead  obtained  from  the  reduction  of  a  roasted  ore  in  the  lead  assay, 
q.  V. ;  among  metallurgical  pi'oducts  are  to  be  reckoned  here,  the  cuprif- 
erous raw  lead  obtained  on  the  large  scale,  and  the  liquation  discs, 
carcasses  and  dross  from  'the  liquation  processes. 

1.  The  compound  of  copper  with  lead  obtained  from  the  reduction 
of  one  cfcr.  of  any  cupriferous  substance,  if  rich  in  copper,  is  thus 
separated : — 

A  shallow  cavity,  about  four  millim.  deep  and  eight  millim.  wide 
at  the  top,  is  bored  in  the  cross  section  of  a  coal  or  in  a  coal  capsule. 
Fig.  15,  in  which  an  amount  of  vitrified  boracic  acid  equal  to  the 
weight  of  the  plumbiferous  copper  button  is  fused ;  then  the  button  is 
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laid  beside  it  and  fused  as  rapidly  as  possible,  being  covered  with  the 
blue  flame.  "When  this  is  done  the  blue  cone  is  made  to  cover  only 
the  boracic  acid,  but  not  the  button,  which  should  also  be  constantly 
in  contact  with  the  glass  on  one  side  and  the  coal  on  the  other.  A 
slight  fault  in  the  inclination  of  the  coal  may  very  easily  cause  the 
button  to  go  under  the  glass,  at  once  interrupting  the  oxidation,  in 
which  case  the  coal  must  be  inclined  toward  another  side  and  a  strong 
blast  used,  so  that  the  button  may  appear  again.  While  the  glass  is 
covered  with  the  blue  flame  the  lead  is  oxidized  and  at  once  dissolved 
in  it.  This  process  is  continued  until  the  button  begins  to  assume  a 
greenish  color,  and  at  this  moment  a  more  spreading  flame  is  caused 
to  act  on  the  glass,  so  that  the  remaining  lead  is  slowly  oxidized, 
while  the  copper  is  protected  from  oxidation,  and  the  copper  button 
does  not  then  sputter.  If  the  cavity  in  the  coal  is  too  small,  or  the  blast 
stronger  than  is  just  requisite,  the  copper  almost  always  sputters, 
even  when  still  combined  with  a  little  lead ;  the  dimensions  given 
above  must  therefore  be  observed,  while  the  blast  is  just  strong  enough 
to  keep  the  copper  fluid  and  its  surface  bright.  "Wlien  the  button  shows 
perfectly  the  peculiar  bluish-green  color  of  melted  copper,  indicative 
of  the  proper  fineness,  the  process  is  stopped,  the  solidified  button 
removed  from  the  still  soft  slag  with  the  forceps,  and  its  qualities  ex- 
amined. If  it  has  a  copper-red  color,  can  be  hammered  out  without 
cracking,  and  when  broken  shows  under  the  glass  a  true  copper  color 
and  a  hackly  texture,  which  can,  however,  only  be  determined  in  case 
of  larger  buttons,  it  is  certain  that  the  copper  is  free  from  foreign 
admixtures.  If  the  slag  on  the  coal  is  also  transparent  and  only 
colored  yellowish  with  oxide  of  lead,  there  has  been  no  chemical  loss 
of  copper,  and  the  button  may  be  weighed.  Should  the  slag,  however, 
show  red  streaks,  or  appear  very  red,  this  indicates  a  loss  of  copper, 
which  can  be  very  quickly  determined,  as  follows :  from  boracic  acid 
that  is  not  saturated  with  oxide  of  lead,  no  lead  can  be  reduced  by  a 
good  E.  F.,  while  the  dissolved  oxide  and  suboxide  of  copper  are  very 
easily  reduced  to  metal.  It  is  only  necessary,  after  removing  the 
refined  button,  to  treat  this  slag  and  the  glass  separated  from  the 
button  for  a  time  with  the  E.  F.,  when  it  becomes  transparent  and 
yellowish  on  cooling,  and  the  reduced  copper  appears  in  separate 
globules.  These  can  be  collected  either  by  replacing  the  large  button 
in  the  slag  and  fusing  the  whole  with  a  powerful  E.  F.  until  all  the 
small  globules  have  united  with  the  large  one,  which  is  then  again 
removed  from  the  slag;  or  the  slag  may  be  at  once  broken  up  between 
paper,  and  removed  from  the  metallic  particles  by  triturating  and 
washing  it  in  a  porcelain  dish.    The  little  copper  globules  are  then 


4:44  plattkee's  blowpipe  analysis. 

dried  in  the  dish  over  the  lamp,  and  weighed  with  the  large  button. 
If  the  glass  contains  also  considerable  oxide  of  lead,  some  lead  is  min- 
gled with  the  reduced  copper,  which  in  this  case  is  generally  all  in 
one  button,  and  is  then  fused  for  a  short  time  with  the  E.  F.  in  a 
cavity  on  coal  with  a  little  boracic  acid,  when  the  lead  is  soon  sepa- 
rated and  leaves  the  copper  pure.  This  is  then  weighed  with  the 
large  button. 

Should  the  assay  substance  contain  more  than  an  unimportant 
amount  of  silver,  which  has  been  ascertained  beforehand  by  a  silver 
assay,  this  must  be  deducted  from  the  weight  of  the  copper.  In 
case  the  amount  of  silver  in  the  copper  button  is  to  be  determined, 
it  must  be  fused  with  fifteen  parts  of  test  lead  and  cupelled  accord- 
ing to  p.  405,  et  seq. 

2.  In  the  lead  assay,  if  the  substance  has  been  roasted  before  the 
fusion,  cupriferous  lead  ores  containing  much  copper  yield  plum- 
biferous  copper,  otherwise  they  yield  cupriferous  lead,  if  the  lead 
prevails ;  likewise  in  assaying  poor  copper  ores,  etc.,  for  copper,  the 
addition  of  test  lead  causes  only  cupriferous  lead.  The  refining  of 
plumbiferous  copper  has  just  been  described,  and  to  ascertain  the 
weight  of  the  lead,  it  is  only  necessary  to  weigh  the  alloy  obtained 
from  the  lead  assay,  and  then  to  deduct  the  weight  of  the  refined 
copper  and  silver  from  it.  The  refining  of  cupriferous  lead  from  a 
lead  or  copper  assay,  or  lead  obtained  in  the  large  way,  as  raw  lead, 
cannot  be  made  in  one  period,  on  account  of  the  length  of  the  ox- 
idizing process,  but  must  be  divided  into : 

a.  a  concentration  of  the  copper, 
/3.  the  refining  proper. 

Both  operations  are  performed  with  boracic  acid  as  before,  but  if 
enough  of  this  were  employed  at  once  to  take  up  the  oxide  of  lead 
formed,  the  remaining  copper  button  would  seldom  be  pure,  since  it 
would  be  concealed  by  the  large  quantity  of  slag  before  it  was 
refined. 

a.  A  conce7itration  of  the  copper  must  therefore  be  first  performed. 
The  cupriferous  lead  from  the  lead  assay  is  weighed  and  melted  to  a 
button  in  the  E.  F.,  with  a  little  soda  and  borax-glass ;  this  opera- 
tion is  unnecessary  in  case  of  the  button  from  the  copper  assay.  If 
lead,  as  raw  lead,  is  to  be  examined  for  copper,  one  ctr.  is  weighed 
out  and  fused  on  coal,  if  not  already  in  one  piece.  The  cupriferous 
lead  is  then  treated  with  its  weight  of  boracic  acid  on  coal,  just  as 
in  the  refining  process  above  described,  so  long  as  it  can  be  kept 
from  passing  beneath  the  glass  and  until  little  globules  of  reduced 
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lead  are  observed.  "When  the  greater  part  of  the  lead  has  been  thus 
removed,  the  process  is  stopped,  and  the  button  containing  the 
concentrated  copper  freed  from  the  ghiss  on  cooling.  If  the  glass 
appears  like  a  white  enamel,  as  is  almost  always  the  case,  there  has 
been  no  loss  of  copper,  and  the 

/y.  proper  refining  of  the  copper  ensues,  by  which  the  concentrated 
plumbiferous  copper  button  is  refined  according  to  p.  443.  The 
lead  is  determined  by  deducting  the  amount  of  copper  and  silver,  if 
any. 

h.  Alloys  consisting  of  copper  with  iro7i,  nickel,  cobalt,  zinc,  and  bis- 
muth, either  singly  or  ivith  several  of  them  at  o?ice,  and  containing 
frequently  some  lead,  antimony,  and  arsenic. 

In  this  class  belong : 

a.  Bisniuthiferous  copper  reduced  in  the  assay  of  minerals  con- 
taining bismuth  and  copper ;  niccoliferous  black  copper  obtained  by 
assaying  certain  copper  refining  slags ;  the  frequently  very  impure 
black  copper  and  the  liquation  residues  obtained  in  the  treatment  on 
a  large  scale  of  cupriferous  lead  matt. 

(i.  The  black  copper  obtained  in  the  large  way  from  copper  ores 
free  from  lead. 

7.  German  silver  and  other  compounds  of  copper  and  nickel, 
containing  very  little  or  no  lead. 

a.  Refining  of  the  copper  containing  bismuth,  lead,  or  nickel,  ob- 
tained from  an  assay,  as  well  as  the  frequently  very  impure  black 
copper  obtained  in  the  treatment  in  the  large  way  of  cupriferous  lead 
wxitt. 

The  bismuthiferous  copper  obtained  in  the  copper  assay  from  min- 
erals containing  these  metals,  where  no  test  lead  was  added,  must  be 
treated  on  coal  alone  in  the  0.  F.,  until  most  of  the  bismuth  has 
volatilized ;  then  a  little  lead  is  added  and  the  whole  refined  with 
boracic  acid,  when  the  trifling  residue  of  bismuth  likewise  separates. 

The  black  copper  obtained  in  the  large  way  is  often  very  impure, 
and  contains,  besides  copper  and  lead,  iron,  nickel,  cobalt,  zinc,  anti- 
mony, arsenic,  etc. ;  it  is  very  brittle,  and  can  be  hammered  only  into 
easily  broken  scales.  One  ctr.  of  it  is  melted  on  coal,  with  a  little  soda 
and  borax-glass  and  twenty  to  thirty  milligr.  of  test  lead,  to  a  button, 
which  is  then  treated  with  one  ctr.  boracic  acid,  exactly  according  to 
p.  443,  until  either  reduced  globules  of  lead  are  observed  in  the  glass, 
or  the  copper  button  is  covered  with  a  film  of  oxide  and  can  only  be 
kept  fluid  with  difficulty.  During  this  process,  lead,  iron,  antimony, 
zinc,  arsenic,  and  other  easily  oxidizable  metals  are  oxidized,  with 
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some  nickel ;  the  metals  which  volatilize  with  difficulty  combine 
with  the  boracic  acid,  while  the  others  partly  volatilize  and  partly 
combine  with  the  acid ;  a  part  of  the  nickel,  however,  owing  to  its 
slight  capacity  for  oxidation,  remains  obstinately  with  the  copper  and 
causes  a  thin  film  on  its  surface,  hindering  the  refining  of  the  cop- 
per. By  continuing  the  oxidizing  process  this  film  of  protoxide  of 
nickel  is  indeed  taken  np  by  the  boracic  acid  and  the  rest  of  the 
nickel  slagged  oflF,  but  not  without  loss  of  copper.  The  remaining 
niccoliferous  copper  must  therefore  be  fused  with  its  weight  of  test 
lead  and  subjected  to  a  new  oxidation  quite  similar  to  the  first.  The 
surface  is  thus  increased  and  the  nickel  oxidized  with  the  lead  almost 
without  loss  of  copper.  Should  the  slag,  however,  be  red  and  some 
copper  be  reduced  from  it,  after  removing  the  refined  button,  this 
must  be  collected  by  triturating  and  washing  the  slag,  and  then  dried 
and  weighed.  The  nickel  is  not  easily  reduced  unless  the  slag  is 
saturated  with  oxide  of  lead  and  nickel,  being  usually  only  reduced 
afterAvard  by  using  a  very  powerfully  reducing  flame.  Such  black 
copper  being  frequently  rich  in  silver,  the  amount  of  this  metal  must 
be  ascertained  and  deducted  from  the  copper  found. 

After  learning  to  refine  such  a  black  copper  it  is  easy  to  refine  the 
■plumbiferous  and  niccoliferous  black  copper  button  obtained  by  as- 
saying a  copper  refining  slag.  Should  the  lead  present  not  suffice  to 
separate  all  the  nickel  a  second  addition  is  necessary. 

/3.  Refining  of  tlie  hlack  copper  oMained  in  the  large  tuay  from 
copiper  ores  free  from  lead. 

This  is  generally  combined  with  iron  and  occasionally  with  some 
zinc.  Brass  being  a  similar  alloy,  although  containing  much  more 
zinc,  will  be  included  here. 

Any  alloy  of  copper,  zinc,  and  iron  can  be  assayed  for  refined 
copper  like  plumbiferous  copper.  A  quantity  of  the  metal  is  made 
fine  and  one  ctr.  weighed  and  melted  on  coal  to  a  button  with  one 
or  one-half  ctr.  of  test  lead,  as  the  copper  contains  much  or  little  zinc 
and  iron ;  a  little  soda  and  borax-glass  being  added  to  the  charge. 
This  button  is  then  treated  with  its  weight  of  boracic  acid  just  like 
any  plumbiferous  copper.  The  iron  and  part  of  the  zinc  oxidize 
with  the  lead,  while  part  of  the  zinc  is  volatilized  and  the  copper 
remains  alone.  Since  the  black  copper  in  question  sometimes  con- 
tains a  little  nickel  and  cobalt,  the  remarks  on  the  impure  black 
copper  above  must  be  regarded  here.  Any  copper  in  the  slag  may 
be  obtained  again  as  before  described,  and  if  there  is  an  important 
amount  of  silver  it  must  be  determined  according  to  p.  444,  and 
deducted. 
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y.  The  determination  of  copper  m  presence  of  much  niclcel,  as  m 
German  silver,  jJachfong,  etc. 

The  copper  cannot  here  be  determined  accurately  by  refining  with 
lead,  since  in  slagging  off  so  much  nickel  a  considerable  amount  of 
copper  is  also  slagged  off.  A  method  is  given  under  the  assay  foi 
nickel  and  cobalt  by  which  both  the  copper  and  nickel  in  such  alloys 
may  be  determined  pretty  accurately  with  the  help  of  the  blowpipe 
and  the  wet  way. 

c.  Alloys  of  copper  and  antimony. 

Here  is  included  especially  the  antimonial  copper  obtained  in 
assaying,  tetrahedrite  for  copper. 

Antimony  in  combination  with  copper  alone  can  be  easily  volatil- 
ized on  coal  in  the  0.  F.  without  loss  of  copper.  The  copper  button 
is  placed  in  a  cavity  on  natural  coal,  or  a  coal  capsule,  and  kept  in  a 
melted  state  with  the  0.  F.,  the  point  of  which  is  occasionally  di- 
rected a  little  to  one  side,  so  as  to  admit  air  freely  to  the  assay.  The 
antimony  then  volatilizes,  leaving  the  copper  behind.  When  there 
IS  much  antimony,  and  the  coal  is  burned  away  so  that  the  metal  lies 
too  deep,  it  is  sometimes  necessary  to  stop  the  process  and  complete 
the  volatilization  of  the  antimony  in  a  fresh  cavity.  The  purity  of 
the  copper  is  indicated  by  its  bluish-green  color  while  melted  and  its 
true  copper  color  when  cold,  as  well  as  by  its  malleability.  Should 
these  tests  not  be  satisfactory,  the  oxidizing  process  must  be  repeated 
until  it  is  quite  pure,  when  it  is  weighed.  The  silver  generally  pres- 
ent, if  it  has  not  been  already  determined  by  a  special  assay,  must  be 
now  determined,  and  if  weighable,  deducted  from  the  weight  of  the 
argentiferous  copper  button. 

d.  Alloys  of  copper  and  tin. 

Here  are  ranked  the  alloy  of  copper  and  tin  obtained  in  assaying 
stannite  for  copper,  and  among  artificial  products;  hell,  gun,  and 
speculum  metal,  as  well  as  Ironze. 

Since  boracic  acid,  when  nof  combined  with  oxide  of  lead,  melts 
with  difiBculty,  and  has  no  particular  solvent  action  on  binoxide  of 
tin,  it  is  advantageously  replaced  by  a  flux  which  is  easilv  fusible 
and  dissolves  the  binoxide.    This  flux  is  composed  of — 

100  parts  by  weight  of  soda, 
60      "      "        "        "  borax-glass,  and 
30      "      "        "        *''  silicic  acid  (quartz). 
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It  is  best  to  melt  a  quantity  of  this  mixture  in  a  platinum  crucible 
and  preserve  the  resulting  glass  in  a  well-closed  bottle. 

To  refine  stanniferous  copper  about  sixty  milligr.  of  the  aboye  flux 
is  melted  to  a  bead  on  coal,  and  the  alloy  to  be  separated  is  laid 
beside  it.  For  the  compound  obtained  by  reducing  stannite  the 
above  amount  is  required,  but  for  the  other  artificial  products  forty- 
five  to  fifty  milligr.  is  enough.  The  bead  and  the  metal  are  then 
fused  with  the  E.  F.,  so  that  the  metal  may  assume  a  rotary  motion, 
and  the  moment  this  occurs  the  flame  is  made  somewhat  more 
oxidizing  and  directed  only  upon  the  glass,  but  so  as  to  cut  off  the 
access  of  air  from  it  as  much  as  possible.  The  button  then  begins 
to  oxidize  and  the  oxide  of  tin,  which  is  mingled  with  protoxide  of 
iron  in  the  presence  of  iron,  is  immediately  taken  up  by  the  glass. 
In  case  of  copper  from  stannite,  which  through  imperfect  roasting 
is  not  quite  free  from  sulphur,  the  sulphur  is  at  the  same  time 
removed ;  but  if  there  is  too  much  sulphur  a  loss  of  copper  in  the 
slag  is  unavoidable.  It  is  then  necessary  to  make  a  new  assay. 
When,  however,  the  metallic  compound  is  such  that  the  copper  can 
be  separated  pure,  the  following  points  must  be  observed  during  the 
refining.  During  the  oxidation  of  the  tin  the  assay  must  be  so  held 
toward  the  flame  that  the  alloy  may  always  be  in  contact  with  the 
coal  on  one  side  and  the  glass  on  the  other,  so  that  no  copper  can  be 
oxidized.  The  glass  is  capable  of  dissolving  considerable  oxide  of 
tin,  and  the  process  is  continued  without  interruption  until  it  is 
completely  saturated,  which  is  indicated  by  the  appearance  of  little 
specks  of  reduced  tin  here  and  there  in  the  enamel-like  glass.  Upon 
this  the  process  is  stopped  and  the  solidified  metal  removed  from  the 
still  soft  slag  with  the  forceps,  and  transferred,  with  the  trifling 
adherent  slag,  to  another  coal,  where  it  is  treated  with  sixty  milligr. 
of  the  flux,  just  as  before,  until  it  begins  to  assume  the  color  of 
melted  copper.  When  this  appears  the  glass  is  treated  with  a  mod- 
erately strong  and  not  too  spreading  E.  F.,  until  the  metal  beside  it 
(to  which,  however,  the  air  must  always  have  free  access)  possesses 
the  characteristics  of  pure  melted  copper.  The  blast  is  now  imme- 
diately stopped,  the  button  removed  ^s  before,  and  first  examined  as 
to  color  and  then  as  to  malleability.  If  it  has  a  true  copper  color, 
and  does  not  crack  when  beaten  out  to  three  or  four  times  its 
original  diameter,  it  can  be  regarded  as  pure,  and  weighed ;  other- 
wise it  must  be  treated  with  twenty  to  thirty  milligr.  of  the  flux  as 
above,  so  as  to  refine  it  perfectly. 

In  this  process  of  separation,  which  indeed  requires  some  practice, 
care  must  be  taken  lest  a  part  of  the  copper  become   oxidized  and  go 
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into  the  slag  with  the  tin,  which  is,  however,  very  easily  perceived, 
becanse  the  suboxide  of  copper  gives  the  glass  a  brownish-red  color 
when  cold.  Such  a  slag  is  treated  a  few  moments  with  the  E.  F.,  to 
separate  the  copper,  which  is  then  united  with  the  button  by  the 
side  of  the  slag.  The  oxide  of  tin  is  not  so  easily  reduced  unless 
the  glass  is  supersaturated  with  it.  Some  copper  is  always  oxidized 
while  removing  the  last  portions  of  the  tin,  which  by  careful  treat- 
ment amounts  on  the  average  to  0.3  milligr.  for  25  milligr.  of 
copper. 

4.   THE  IiEAD   ASSAY. 

The  quantitative  determination  of  lead  with  the  blowpipe  can  be 
performed  in  two  ways.  The  more  complicated  process  is,  however, 
only  recommended  for  substances  containing,  besides  the  lead,  copper, 
which  is  at  the  same  time  to  be  quantitatively  determined.  It 
consists  in  first  removing  as  far  as  possible  the  volatile  constituents, 
as  sulphur,  arsenic,  and  antimony,  by  roasting  and  then  fusing  the 
roasted  product  with  soda  and  borax-glass  in  a  clay  crucible,  lined 
with  charcoal  paste,  by  which  the  oxides  ■  of  lead  and  copper  are 
reduced,  while  the  earthy  matters  and  non-reducible  metallic  oxides 
combine  to  a  slag  with  the  soda  and  borax,  and  the  reduced  lead  and 
copper  separate  in  larger  and  smaller  buttons.  Substances  free  from 
the  volc^ile  constituents  above  named  are  fused  without  roasting. 
The  cupriferous  lead,  or  plumbiferous  copper,  is  then  weighed  and 
treated  with  boracic  acid,  according  to  pp.  443-444,  when  the  copper 
remains  behind.  The  simpler  and  shorter  process  consists  in  fusing 
all  plumbiferous,  and  at  the  same  time  the  cupriferous,  substances 
unroasted,  or  only  roasted  in  partieular  cases,  in  unlined  clay  cruci- 
bles with  metallic  iron  and  a  fluxing  and  reducing  agent,  whereby 
the  lead  separates  in  a  button,  and  the  earthy  matters,  with  the  non- 
reducible oxides  and  the  sulphides,  are  slagged  off. 

The  plumbiferous  minerals,  ores,  and  products  can  be  classified 
into — 

A.  Those  containing  the  lead  as  sulphide. 

B.  Those  containing  the  lead  as  chloride  and  as  oxide,  free,  or  m 
the  form  of  slag,  or  combined  with  acids. 

C.  Those  containing  the  lead  in  the  metallic  state,  combined 
either  with  selenium,  or  with  other  metals. 
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A.   Assay  of  Minerals,  Ores,  and  Metallurgical  Products  containing 

the  Lead  as  sulphide, 

FIKST    METHOD. 

The  substances  for  which  this  method  is  especially  suitable  are : — 
all  the  minerals  containing  sulphide  of  lead  mentioned  on  p.  257, 
ct  seq.,  which  are  at  the  same  time  cupriferous,  as  hournonite, 
cuproplumMte,  etc. ;  and  among  metallurgical  products,  particularly 
cupriferous  lead  matt   and  plumbiferous  copper  matt. 

One  centner  of  the  assay  powder  is  freed  from  volatile  constituents 
by  careful  roasting  on  a  clay  capsule  painted  with  reddle,  as  in 
the  copper  assay,  p.  436,  with  addition  of  charcoal  dust.  Besides 
the  coal  about  fifty  milligr.  of  sesquioxide  of  iron  is  added  to  sub- 
stances which  sinter,  or  fuse  together  easily,  as  bournonite,  etc. 

When  all  of  the  coal  has  been  consumed  at  a  low  red  heat  (sul- 
phide of  lead  may  easily  be  volatilized  by  a  stronger  heat),  and  no 
more  fumes  of  volatile  constituents  can  be  observed,  the  capsule  is 
removed  and  the  ore  rubbed  in  the  mortar  and  mixed  with  twice  its 
volume  of  fresh  coal  dust,  after  which  it  is  replaced  in  the  clay 
capsule  and  roasted  the  second  time.  When  the  fresh  coal  takes  fire 
the  presence  of  volatilizing  constituents  is  quickly  tested  by  smelling, 
and  in  case  a  considerable  quantity  of  them  is  detected  the  coal  is 
allowed  to  consume  at  a  moderate  red  heat,  after  which  it  •is  again 
rubbed  in  the  mortar,  and  if  necessary  roasted  a  third  time  with  coal. 
Although  seldom  occurring,  the  third  roasting  is  unavoidable  when 
the  substance  to  be  assayed  for  lead  contains  metallic  sulphides  and 
arsenides  which  are  decomposed  with  difficulty.  If  after  the  second 
addition  of  coal  the  substance  evolves  no  odor  while  the  coal  is 
glowing,  or  only  a  feeble  odor  of  sulphurous  acid,  the  assay  may  be 
regarded  as  well  roasted,  after  the  coal  has  been  slowly  burnt  out 
from  the  ore.  Lustrous  particles  of  undecomposed  sulphides  must 
not  be  present,  but  the  whole  mass  should  have  a  dull,  earthy 
appearance,  and  must  lie  in  a  porous  state  on  the  capsule. 

The  roasted  assay  is  charged,  for  the  reduction  of  the  oxide  of  lead 
in  it,  with — 

100  milligr.  soda  (anhydrous), 
30-40       "       borax-glass. 

The  soda,  in  common  with  the  coal  which  surrounds  the  charge 
during  the  fusion,  acts  as  a  reducing  agent  on  the  oxide  of  lead, 
chiefly  through  the  formation  of  carbonic  oxide,  and  at  the  same 
time  takes  up  the  sulphuric  acid  remaining  with,  the  roasted  oxides, 
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especially  the  oxide  of  lead,  forming  snlpliide  of  sodium.  Any  other 
reducible  metallic  oxides  are  separated  in  the  metallic  state,  and  the 
others  are  brought  to  the  lowest  stage  of  oxidation  and  then  go  into 
the  slag.  The  borax  prevents  the  soda  from  sinking  into  the  coal 
lining  and  dissolves  the  non-reducible  oxides.  The  amount  given  is 
generally  sufficient  to  form  a  perfectly  fluid  slag;  but  in  case  many 
earthy  matters,  or  bodies  to  be  converted  into  slag,  are  present,  it  is 
well  to  increase  the  amount  of  borax-glass  to  fifty  milligr. 

Both  of  the  fluxes  are  mixed  with  the  roasted  ore  in  the  mortar, 
and  then  poured  into  the  mixing  capsule  and  transferred  to  a  soda- 
paper  cylinder,  as  in  the  preceding  assays.  The  cylinder  is  not 
closed  by  pressing  the  corners  of  the  empty  part  upward  after  rolling 
it  together,  as  in  the  copper  or  silver  assay,  but  downward,  so  as  to 
lie  upon  the  filled  portion,  in  order  that  the  wrapped  up  assay  may 
rather  have  a  hemispherical  shape. 

It  is  then  placed  in  a  clay  crucible  lined  with  coal,  Pig.  31,  p.  25, 
which  must,  however,  be  thoroughly  dried  as  soon  as  it  is  made. 
The  assay  is  then  covered  with  so  much  fine  charcoal  dust  that, 
when  the  clay-roasting  capsule  which  serves  as  a  cover  is  laid  in  an 
inverted  position  upon  the  crucible,  the  whole  space  between  the 
capsule  and  crucible  is  filled.  During  this  operation  the  crucible  is 
set  on  the  cupel  mould.  Fig.  49,  B,  p.  39,  or  on  a  tripod  of  iron 
wire.*  . 

The  coal-holder  is  provided  with  an  artificial  or  natural  coal,  but 
only  an  opening  for  the  flame  is  bored  in  this  with  the  borer,  Fig. 
48,  p.  38,  without  cutting  it  out,  as  is  necessary  for  the  roasting, 
and  the  slit  in  the  coal-holder  is  closed  with  the  screen  of  sheet-iron, 
h,  Fig.  53.  The  platinum  wire,  on  which  the  crucible  is  to  rest,  is 
set  in  without  the  shield,  since  the  crucible  protects  the  coal  from 
being  too  rapidly  burned  through.  The  full 
crucible  is  now  placed  in  the  ring.  Fig.  83,  so 
as  to  leave  a  space  between  it  and  the  coal  all 
around,  and  especial  care  must  be  taken  that 
the  lower  part  of  the  crucible  may  be  dis- 
tinctly seen  through  the  opening  at  a,  and 
not  only  the  point  of  it.  The  clay  capsule  is 
placed  upon  the  crucible  and  the  whole  cov- 
ered with  a  natural  or  artificial  coal  prism, 
Fig.  19,  G,  p.  18   which  fits  into  the  coal-  Fig.  83. 

holder,  being  held  by  the  projecting  sides, 

*  A  small  piece  of  gas-pipe  of  suitable  diameter  forms  a  very  convenient  stand  for 
the  clay  crucible  in  this  and  similar  operations.     [Transl.] 
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and  has  on  its  inner  surface  a  cavity,  o,  and  an  opening,  j!?,  four  mil- 
lim.  Avide.     (The  platinum  wire  may  be  replaced  by  iron. — Transl.) 

After  arranging  everything  thus  and  providing  the  blowpipe  with 
a  tip  having  not  too  narrow  an  aperture,  a  strong  O.-F.  is  directed 
through  the  hole  a  in  a  horizontal  direction,  so  that  the  blue  point 
of  the  flame  is  still  seen  outside.  The  temperature  increases  so 
rapidly  from  below  that  after  a  few  minutes  a  little  flame  of  burning 
carbonic  oxide  is  seen  at  q,  Fig.  83.  If  the  coal  is  not  too  hard  or 
dense,  in  which  case  only  can  the  proper  heat  be  produced,  the  most 
refractory  assay  will  certainly  be  fused  after  blowing  uninterruptedly 
for  eight  minutes.  After  that  time  has  passed  the  blast  is  stopped, 
the  coal  cover  removed,  and  the  wire  seized  with  the  pliers  at  n, 
Fig.  55,  p.  41,  so  as  to  raise  the  covered  crucible  and  set  it  on  the 
tripod,  or  other  stand,  to  cool. 

In  a  successful  assay  there  should  be  no  coat  of  oxide  of  lead 
visible  on  the  upper  side  of  the  coal  cover  near  the  opening,  which 
would  indicate  so  strong  a  heat  that  some  lead  was  volatilized. 
Moreover,  the  fused  assay  must  lie  as  a  perfect  ball  at  the  bottom  of 
the  lined  crucible,  and  be  easily  removed  with  the  forceps  from  the 
almost  uninjured  coal  lining.  It  happens  very  rarely  that  the  lead 
forms  one  button,  but  it  generally  lies  in  the  slag  in  several  separate 
buttons,  large  and  small.  The  slag  is  broken  coarsely  between  paper 
on  the  anvil,  and  poured  into  a  porcelain  dish,  when  the  larger  but- 
tons, free  from  slag,  are  picked  out  and  the  slag  washed  from  the 
remaining  lead  buttons  by  carefully  triturating  it  with  the  agate 
pestle  and  pouring  it  ofl"  with  the  water,  repeating  the  operation 
until  all  of  the  slag  is  removed.  The  remaining  lead  is  then  dried 
in  the  porcelain  vessel.  Should  the  previously  removed  larger  but- 
tons not  be  free  from  slag,  they  must  be  beaten  out  on  the  anvil, 
cleaned  with  water,  dried  with  the  others,  and  weighed. 

When  the  roasting  was  carefully  performed,  the  reduced  lead  can 
only  contain  copper,  silver,  hismuih,  and  anti7no7iy.  The  copper  is 
found  by  fusing  the  lead  buttons  together  on  coal  with  borax-glass 
and  treating  them  with  boracic  acid,  according  to  p.  442.  The  silver 
is  then  determined  by  cupelling  the  resulting  copper  button  with 
fifteen  times  its  weight  of  test  lead.  Should  bismuth  be  present  in 
the  substance  assayed,  as  well  as  lead  and  copper,  it  is  best  to  make 
two  assays ;  one  serving  to  determine  the  copper  in  the  alloy, as  well 
as  the  combined  weight  of  the  bismuth  and  lead,  while  the  other  is 
performed  to  determine  the  amount  of  the  lead  and  the  bismuth  in 
the  following  way :  The  larger  buttons  produced  are  flattened  out 
and  fused,  together  with  the  smaller  ones,  in  a  porcelain  vessel.  Fig. 
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62,  p.  43,  one  of  the  smaller  ones  there  described,  with  about  twenty 
times  their  weight  of  bisulphate  of  potassa,  over  the  spirit-lamp, 
until  the  alloy  is  oxidized  and  combined  with  the  sulj^huric  acid. 
More  of  the  salt  is  added  if  necessary.  The  fused  mass  is  then 
further  treated  as  will  be  described  under  the  quantitative  bismuth 
assay,  and  the  sulphate  of  lead  collected  on  a  filter,  dried  thoroughly, 
weighed,  and  the  lead  calculated  ;  one  hundred  parts  of  the  sulphate 
contain  68.3  parts  of  lead.  By  deducting  this  and  the  weight  of  the 
refined  copper  obtained  from  the  other  assay,  the  amount  of  bismuth 
is  obtained,  at  least  approximately. 

When  the  assay  contains  antimo7iy,  only  the  greater  part  of  it  is 
removed  by  roasting,  and  a  little  remains  and  is  reduced.  The 
antimony  in  such  an  alloy  can  be  qualitatively  detected  by  treating 
it  on  coal  in  the  0.  F.,  when  it  forms  a  white  coat  of  oxide  of 
antimony.  The  quantitative  determination  could  only  be  made  in 
the  wet  way,  and  would  not  be  very  feasible  on  account  of  the  small 
quantity  present.  Antimony  is  oxidized  by  the  fusion  with  bisul- 
phate of  potassa,  but  not  separated  from  the  lead. 

Finarlly,  it  must  be  remarked  that  in  treating  by  this  process  sub- 
stances containing  sulphide  of  lead,  the  amount  of  lead  obtained 
is  always  from  one  to  three  per  cent,  too  low,  because  during  the 
roasting  the  lead  is  chiefly  converted  into  basic  sulphate,  which  is, 
indeed,  decomposed  by  the  soda,  but  in  consequence  of  the  formation 
of  sulphide  of  sodium  some  sulphide  of  lead  also  results  and  goes 
into  the  slag.  The  loss  can  even  increase  if  the  fusion  is  continued 
too  long  at  a  high  t'emperature,  because  then  some  lead  is  liable  to 
be  volatilized. 

SECOND    METHOD. 

The  substances  which  can  be  assayed  by  this  method  are : — all  the 
compounds  containing  sulphide  of  lead  mentioned  on  pp.  257-258 ; 
among  ores  dressed  on  the  large  scale,  galenas  and  all  lead  ores 
mixed  with  other  metallic  sulphides  and  arsenides;  among  metal- 
lurgical products,  especially  lead  matt,  and  plumhiferous  cadmia 
{Ofenhruch),  as  well  as  lead  slags  and  Roksclilacken  (raio  slags). 

One  centner  of  the  assay  powder  is  poured  at  once  into  a  clay 
crucible,  Fig.  30,  p.  24,  provided  it  contains  little  or  no  antimony. 
If  it  contains  a  notable  amount  of  antimony  it  is  previously  roasted 
in  a  clay  capsule,  either  alone,  or,if  necessary,  with  addition  of  fifty 
milligr.  sesquioxide  of  iron,  but  no  charcoal  dust,  at  a  gentle  heat, 
according  to  p.  436,  until  the  fumes  of  oxide  of  antimony  cease. 
Then  the  requisite  fluxing  and  reducing  agents  are  added  as  follows 
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1.  Metallic  iron  in  the  form  of  wire,  the  thickness  of  a  moderately 
coarse  knitting  needle;  according  to  the  amount  of  metallic  sul- 
phides present  and  the  proportion  of  sulphur  they  contain,  the  piece 
employed  varies  from  twenty-five  to  fifty  milligr.,  and  it  is  laid 
directly  on  the  weighed  substance  in  the  crucible. 

2.  An  alkaline  fluxing  and  reducing  agent  (Plattner's  flux),  con- 
sisting of  equal  equivalents  of  anhydrous,  carbonates  of  soda  and 
potassa,  with  borax-glass  and  starch-powder  in  the  following  pro- 
portions : — 

10  parts  by  weight  of  carbonate  of  soda, 

13  «      «        «      «           "         "  potassa, 

5  "      "        "      "  powdered  borax-glass, 

5  "      "        "      "  dry  starch-powder. 

These  ingredients  are  carefully  mixed  in  a  spacious  mortar  and 
then  preserved  in  a  well-closed  bottle.  If  no  mortar  is  at  hand  the 
ingredients,  when  fine  enough,  can  be  mixed  by  shaking  them  to- 
gether in  a  corked  bottle.  Three  hundred  milligr.  of  this  easily 
fusible  flux  are  poured  directly  upon  the  substance  and  the  iron  in 
the  crucible,  and  the  whole  is  covered  with  three  heaped  spoonfuls 
of  decrepitated  common  salt,  p.    51,  or  about  six  hundred  milligr. 

Fifty  to  eighty  milligr.  of  pure  silver  in  one  button  are  added  to 
substances  containing  only  a  little  lead,  in  order  to  collect  the  latter. 

During  the  fusion  of  the  assay,  the  iron  serves  to  separate  the 
sulphur  and  arsenic,  the  latter  being,  however,  generally  volatile  ;  the 
alkaline  carbonates,  with  the  borax,  serve  to  form  the  slag  and  dissolve 
the  earthy  matters,  with  such  metallic  sulphides  as  are  not  decom- 
posed by  iron,  as  well  as  to  take  up  the  greater  part  of  the  sulphide 
of  iron  formed ;  the  starch  acts  as  a  reducing  agent,  in  common  with 
the  carbonates  of  the  alkalies,  while  the  salt,  being  very  fluid  when 
melted,  and  having  no  tendency  to  combine  with  the  slag,  serves  as 
a  cover,  so  that  the  separate  reduced  lead  buttons  can  more  easily 
unite  into  one.  The  substance  to  be  assayed  might  be  mixed  with 
the  flux,  but  then  little  globules  of  lead  are  liable  to  come  to  the 
surface  of  the  slag,  and  the  union  into  one  button  is  retarded.  When, 
however,  the  substance  consists  chiefly  of  substances  that  must  be 
slagged  off",  such  a  mixture  is  to  be  recommended. 

For  the  fusion  a  coal  is  prepared  in  the  coal-holder,  regarding  all 
the  details  mentioned  on  p.  18.  The  crucible  is  then  set  on  the 
»vire  ring  without  any  cover,  the  perforated  charcoal  cover  is  placed 
above  it,  and  a  strong  0.  F.  directed  into  the  opening  a  in  a  horizon- 
tal direction,  so  that  the  point  of  the  blue  flame  remains  just  out- 
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side,  while,  for  the  most  part,  only  the  glowing  gaseous  products  of 
combustion   enter   the   hollow   coal.      The   crucible   must  not   be 
touched  directly  by  the  flame,  or  else  the  high  temperature  at  that 
spot  will   cause  it  to  be  attacked  and  perfo- 
rated by  the  alkalies.     The  heat  spreads  quite  f/^3Bi 
rapidly  when  the  coal  is  not  too  dense,  and  ^^^^H 
after  blowing  five  or  six  minutes  at  the  most,                if^^^E 
the  assay  is  perfectly  fused.    Even  after  the    WfMlP^        '"^ 
first  minute  the  noise  caused  by  the  lively                ^ 
evolution  of  gas  from  the  action  of  the  sub-  |  i 
stances  in  the  crucible  can  be  heard,  and  so                   *^^ 
long  as  this  is  distinct  the  blast  must  on  no                 Fig.  84. 
account  be  strong,  or  the  evolution  of  gas  will 

become  too  lively  and  cause  the  charge  to  overflow.  After  the  noise 
ceases,  however,  a  strong  blast  must  be  kept  up  for  at  least  one  or 
two  minutes,  and  the  point  of  the  flame  directed  very  particularly 
toward  the  lowest  point  of  the  crucible,  if  a  correct  quantitative 
determination  of  the  lead  is  desired.  After  stopping  the  blast  the 
coal  cover  is  removed  and  the  coal-holder  struck  on  the  side  with  the 
handle  of  the  forceps,  so  that  the  little  lead  globules  which  may  still 
be  scattered  about  the  border  of  the  crucible,  or  the  surface  of  the 
slag,  may  sink  and  combine  with  the  main  button.  The  slag  should 
be  as  fluid  as  water  at  this  time.  The  crucible  is  then  lifted  out  and 
set  on  its  stand  to  cool  for  some  minutes,  until  it  can  be  held  in  the 
fingers,  when  it  is  carefully  broken  with  the  hammer  on  the  anvil, 
and  the  lead,  with  the  iron  adhering  to  it,  separated  from  the  slag.* 
The  lead  is  then  held  with  the  forceps  on  the  anvil  so  that  the  iron 
is  on  top,  and  this,  which  is  sometimes  surrounded  by  sulphide  of 
iron  in  case  of  very  pyritiferous  ores,  is  detached  by  a  few  light 
strokes  of  the  hammer.  Any  adhering  portions  of  slag  are  removed 
from  the  lead  by  hammering  it  gently  between  moistened  filter-paper, 
after  which  the  button  is  weighed. 

In  this  second  process  the  formation  of  alkaline  sulphides  cannot 
be  avoided,  and  therefore,  in  spite  of  the  addition  of  iron,  a  little 
sulphide  of  lead  also  goes  into  the  slag,  and  the  result  is  always 
somewhat  too  low,  as  in  the  first  process  and  likewise  in  the  dry  assay 
on  the  large  scale. 

If  the  substance  is  supposed  to  be  argentiferous,  the  lead  button 

*  The  crucible  is  very  readily  divided  into  halves  by  laying  it  upon  the  anvil  and 
striking  it  with  the  sharp  edge  of  the  hammer  along  the  little  ridge  formed  by  the 
imperfect  junction  of  the  faces  of  the  mould.  The  lead  button  will  always  be  found 
adhering  to  the  lower  part  of  one  of  the  halves.     (Transl.) 
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should  be  cupelled  and  the  weight  of  the  silver  deducted.  If  the 
substance  assayed  consisted  of  pure  galena  the  silver  thus  found 
weighs  the  same  as  that  obtained  by  a  special  silver  assay,  but  it  is 
too  little  if  the  substance  contains  argentiferoas  pyrites,  or  other 
argentiferous  sulphides. 

A  trifling  amount  of  sulphide  of  copper  in  the  plumbiferoas  sub- 
stance goes  into  the  alkaline  slag,  but  if  considerable  of  it  is  present, 
or  the  copper  is  in  the  oxidized  state,  and  there  is,  moreover,  a  lack 
of  metallic  sulphides,  more  or  less  copper  always  goes  into  the  lead. 
In  this  case  it  is  necessary  to  treat  the  lead  with  boracic  acid,  accord- 
ing to  p.  444,  and  to  deduct  the  weight  of  the  resulting  copper  from 
that  of  the  cupriferous  lead.* 

When  the  substance  contains  only  one  to  ten  per  cent,  of  lead,  it  is 
difficult  to  separate  the  lead  button  from  the  iron,  so  as  to  weigh  it 
accurately.  In  this  case  fifty  to  eighty  milligr.  of  silver  is  added,  in 
small  clippings,  or  in  one  or  several  buttons,  and  the  lead  combines 
with  this  to  a  button,  which  is  so  large  that  it  can  be  easily  separated 
from  the  iron.     The  increase  of  weight  gives  the  amount  of  lead. 

B.  Minerals,  Ores,  and   Products   containing   the   Lead   in   the    state   of 
chloride  as  well  as  of  oxide,  free,  as  slag,  or  combined  with  acids. 

Here  are  included  chloride  of  lead,  as  well  as  combinations  of 
oxide  of  lead  with  pliosplioric,  arsenic,  sulphuric,  carhonic,  acetic, 
vanadic,  molyMic,  tungstic,  and  chromic  acids  ;  further,  litharge,  db- 
strich,  and  cz^jye?  iottoms,  and  all  sorts  oi plumbiferous  glasses. 

These  compounds  may,  indeed,  be  assayed  according  to  the  first 
method  on  p.  450,  the  roasting  being  only  performed  when  other 
metallic  sulphates  are  present,  or  when  metallic  sulphides  and 
arsenides  are  intermingled;  the  second  method  is,  however,  far 
simpler,  and  equally  reliable. 

One  centner  of  the  substance  is  poured  into  a  clay  crucible,  and 
twenty-five  to  thirty  milligr.  of  iron  wire  added  in  one  piece.  Three 
hundred  milligr.  of  the  fluxing  and  reducing  agent,  p.  454,  and  twenty- 
five  to  thirty  milligr.  of  additional  starch-powder,  are  then  mixed 
directly  in  the  crucible  with  the  substance,  with  the  ivory  spoon-handle 
or  the  small  iron  spatula.    The  mixture  is  then  made  as  compact  as 

*  In  cases  where  the  presence  of  considerable  antimony  necessitates  preliminary 
roasting,  and  a  trifling  quantity  of  copper  may  be  present,  this  can  be  prevented  from 
going  into  the  lead  by  mixing  the  roasted  assay  first  with  one  hundred  milligr.  of  sulphur 
in  the  crucible,  and  heating  it  to  low  redness  in  the  square  coal,  until  the  blue  flame 
ceases.  The  oxide  of  copper  formed  during  the  roasting  is  thus  transformed  intc 
sulphide,  which  goes  into  the  slag. 
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possible  by  striking  the  crucible  carefully  upon  the  table,  and  three 
heaped  spoonfuls,  or  about  six  hundi'ed  milligr.  of  common  salt 
added  as  a  cover. 

An  addition  of  fifty  to  eighty  milligr.  of  pure  silver  is  required  for 
slags  and  substances  containing  little  lead.  The  fusion  is  performed 
in  precisely  the  same  manner  as  before  described.  The  alkaline  flux 
serves  to  decompose  the  lead  salts,  and,  in  common  with  the  starch, 
to  reduce  the  oxide  of  lead  and  other  reducible  ingredients,  while  it 
forms,  in  common  with  the  borax,  the  necessary  slag.  The  iron 
serves  chiefly  to  prevent  any  sulphide  of  lead  from  going  into  the  slag, 
in  case  it  should  be  formed  from  sulphate  of  lead  present. 

If  the  substances  belonging  here  are  not  free  from  a  trifling  amount 
of  copper,  the  assay  can  be  sulphurized  before  charging  it  with  the 
flux  and  reducing  agent,  according  to  the  note  on  p.  456. 

C.  Minerals  containing  the  Lead   in  the  metallic  state,  combined  either 
with  Selenium  or  with  other  metals. 

In  this  class  belong  clausthalite,  tilkerodite,  zorgite,  lehriachite, 
altaite,  nagyagite,  and  mullerite. 

These  minerals  can  be  most  simply  assayed  in  an  unlined  clay 
crucible.  One  centner  of  the  finely  pulverized  mineral  is  mixed 
directly  in  the  crucible  with  three  hundred  milligr.  of  the  fluxing  and 
reducing  agent,  twenty-five  to  thirty  milligi'.  of  iron  wire  added  in  one 
piece,  as  a  precautionary  measure,  the  whole  compacted  by  striking 
the  crucible  carefully  against  the  table,  and  then  three  heaped  spoon- 
fuls of  salt  added  as  a  cover.  The  fusion  is  made  just  as  before. 
The  compounds  of  lead  with  selenium  or  tellurium  are  decomposed, 
alkaline  selenides  or  tellurides  being  formed,  and  the  lead  liberated. 
If  the  mineral  likewise  contains  metallic  sulphides,  then  sulphides 
of  sodium  and  potassium  are  also  formed.  After  the  fused  assay 
is  cold  the  crucible  is  broken,  and  the  separated  lead  detached 
from  the  iron  and  slag.  The  lead  need  only  be  cupelled  in  order 
to  determine  any  silver  or  gold  combined  with  it.  When  con- 
siderable copper  is  present,  the  lead  button  is  unavoidably  cupriferous 

and  must  then  be  refined  to  determine  the  copper. 

« 

5.   THE   BISMUTH   ASSAY. 

Bismuth  generally  occurs  in  nature  only  in  the  native  state,  but  it 
is  also  found  in  combination  with  tellurium,  as  seen  in  the  composi- 
tion of  the  bisniuthiferous  minerals  on  pp.  378  and  279 ;  also  with 
sulphur,  both  alone  and  in  combination  with  sulphides  of  copper,  lead, 
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and  other  metals,  aL.d  some  rare  minerals;  likewise  in  the  oxidized 
state,  partly  free  and  partly  with  carbonic,  phosphoric,  and  silicic  acids. 

In  metallurgical  products  it  sometimes  forms  a  constituent  of 
cobalt  speiss  from  the  manufacture  of  smalt,  and  of  nickel  speiss  from 
the  smelting  of  bismuthiferous  nickel  ores,  etc.  In  purifying  with 
dilute  hydrochloric  acid,  the  impure  oxide  of  tin  ore  roasted  on  the 
large  scale,  and  containing  bismuth,  which  is  conyerted  into  oxide  by 
the  roasting,  basic  chloride  of  bismuth  is  obtained,  which  is  rendered 
more  or  less  imiDure  by  other  substances,  as  earthy  matters,  fine 
particles  of  oxide  of  tin,  etc.  The  same  salt  is  obtained  in  extracting 
bismuth  by  the  wet  way  from  the  silver  refining  hearth. 

The  minerals,  ores,  and  products  to  be  assayed  for  bismuth  can, 
therefore,  be  classified  thus : 

A.  Such  as  contain  bismuth  in  the  metalUc  state;   either  mixed 

only  with  earthy  substances,  or  arsenides  of  cobalt,  nickel, 
and  iron;  or  else  chemically  combined  with  tellurium  or 
silver. 

B.  Those  in  which  the  bismuth  occurs  as  sulphide,  either  alone  or 

chemically  combined  with  other  metallic  sulphides  or 
arsenides. 

C.  Those  containing  the  bismuth  as  oxide,  free,  or  combined  with 

carbonic,  phosphoric,  or  silicic  acids,  etc.,  and  possibly 
mingled  with  oxides  of  copper,  nickel,  and  cobalt,  or  their 
salts ;  or  else  containing  the  bismuth  combined  with  chlorine. 

A.  Ai3say  of  Minerals,  Ores,  and  Products  containing  the  Bismuth  in  the 
metallic  state,  either  mixed  only  with  earthy  substances,  or  arsenides 
of  Cobalt,  Nickel,  and  Iron;  or  else  chemically  combined  with  Tel- 
lurium or  Selenium. 

In  this  class  belong  all  colalt  and  nichel  ores,  dressed  on  the  large 
scale,  and  containing  an  admixture  of  native  bismuth;  among 
minerals,  native  bismuth  disseminated  in  earthy  gangues,  tetradymite, 
joseite,  and  wehrlite  j  among  metallurgical  products,  the  cobalt  and 
nickel  speisses. 

One  centner  of  the  powdered  substance  is  weighed  out,  and,  if 
necessary,  prepared  for  the  fusion  as  follows :— Cobalt  End  nickel  ores 
dressed  on  the  large  scale  and  containing  these  metals  combined  with 
so  much  arsenic,  that  they  give  a  sublimate  of  metallic  arsenic  in  the 
closed  tube,  and  therefore  contain  more  arsenic  than  the  combination 
(Ni,  Co)'  As,  must  be  freed  from  this  excess.  When  the  substance  to 
be  assayed  consists  of  such  an  ore,  the  weighed  quantity  is  poured 
into  a  clay  crucible,  which  is  placed  on  a  proper  support,  and  is  to  be 
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subsequently  used  for  the  fusion  also.  The  crucible  is  then  put  into 
a  square  coal  fixed  in  the  coal-holder,  and  in  which  a  ring  of  iron 
wire  is  substituted  for  the  similarly-shaped  platuium  wire,  p.  40, 
just  as  described  under  the  fusion  of  a  lead  assay,  p.  451.  The  cruci- 
ble is  then  covered  with  a  clay  capsule  and  the  whole  with  a  perfo- 
rated coal  cover,  the  blowpipe  flame  being  directed  through  the  hole  in 
the  coal-holder  as  before  described,  so  as  to  bring  the  interior  of  the 
coal  and  the  crucible  to  a  dull  redness.  The  excess  of  arsenic  then 
escapes,  and  the  substance,  when  rich  in  metallic  arsenides,  sinters 
together  more  or  less  strongly.*  When  the  fumes  cease  to  ascend  the 
blast  is  stopped,  the  wire,  together  Avith  the  crucible,  removed  with 
the  pliers,  as  described  in  the  lead  assay,  p.  451,  and  allowed  to  cool 
with  the  cover  on,  so  as  to  prevent  access  of  air  and  roasting.  After 
removing  the  excess  of  arsenic  by  this  gentle  ignition,  the  assay  is 
readv  for  the  fusion. 

"When  the  substance  is  cold,  a  piece  of  iron  wire  weighing  about 
thirty  milligr.  is  added,  which  is  indispensable  for  the  thorough  de- 
composition of  the  sulphide  of  bismuth  and  the  saturation  of  the 
metallic  sulphides  and  arsenides,  which  cannot  be  decomposed  by 
the  fusion.  Further,  in  order  to  collect  the  bismuth  separated  during 
the  fusion,  and  to  separate  it  after  the  fusion  from  the  simultaneously 
liberated  metallic  arsenides,  and  the  excess  of  unaltered  iron,  so  that 
there  may  be  no  mechanical  loss  of  the  brittle  bismuth,  fifty  to  two 
hundred  milligr.  of  pure  silver,  according  to  the  quantity  of  bismuth 
expected,  is  added  in  fine  clippings  or  a  button,  which  have  been 
exactly  weighed  out.  During  the  fusion  the  bismuth  forms  an  alloy 
with  the  silver,  and  if  there  is  three  or  four  times  as  much  of  the 
latter  as  of  the  former,  this  alloy  on  cooling  is  much  less  brittle  than 
pure  bismuth;  after  deducting  the  weight  of  the  silver  it  shows 
ihe  amount  of  bismuth,  provided  no  other  metals  have  been  reduced 
at  the  same  time.  Lead  might  be  used  in  place  of  silver,  since  one 
part  of  bismuth  with  about  four  of  lead  gives  a  likewise  malleable  alloy, 
but  the  results  would  be  less  exact,  because  with  a  large  proportion 
of  bismuth  in  the  substance  so  much  lead  must  be  added,  that  several 
per  cent,  of  it  might  easily  be  lost  as  sulphide  in  the  slag,  or  by  vola- 
tilization, and  the  amount  of  bismuth  found  would  be  proportion- 
ately smaller. 

*  Should  copious  fumes  of  arsenic  be  evolved  during  the  preliminary  test  in  the 
closed  tube,  it  is  well  to  perform  the  ignition  outside  of  the  laboratory,  under  a  chimney 
with  a  good  draught  or  elsewhere.  Should  there  be  no  opportunity  for  this,  the  excesa 
of  ai'senic  can  also  be  removed  in  a  tube  sealed  at  one  end,  as  will  be  described  in  the 
cobalt  and  nickel  assay  for  substances  under  B,  which  must  be  "  arsenicized." 
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To  slag  off  earthy  matters,  as  well  as  any  metallic  oxides  of  difficult 
reduction,  and  such  metallic  sulphides  as  are  reduced  neither  by  iron 
nor  by  alkalies  in  a  clay  crucible,  and  also  to  decompose  the  com- 
pounds of  bismuth  with  sulphur  and  tellurium,  the  fluxing  and  reduc- 
ing agent,  p.  454,  may  be  used.  Three  ctrs.  of  it  are  added  to  the 
substance  with  the  iron  and  silver  already  in  the  crucible,  and,  if  the 
substance  is  in  powder,  the  whole  is  mixed  with  the  spoon-handle, 
after  which  the  crucible  is  carefully  struck  against  the  table  and  the 
level  surface  covered  with  three  heaped  spoonfuls  of  salt.  When  the 
'substance  has  sintered  or  fused  together  in  the  preparatory  operation, 
the  above  mixing  cannot  be  performed,  and  is  unnecessary,  because  in 
this  case  there  are  few  or  no  ingredients  to  be  slagged  off. 

The  crucible  then  has  been  filled  with — 

100  milligr.  of  the  substance  to  be  assayed, 

30      "        "        iron,  or  thereabouts, 

50-200  milligr.    silver, 
300  "        flux,  and 

the  requisite  covering  of  salt. 

It  is  now  placed  on  the  platinum  or  iron  wire  ring  in  the  square 
coal,  just  as  described  for  the  lead  assay,  p.  451,  and  the  whole  covered 
with  a  square  perforated  coal.  The  fusion  is  then  conducted,  observ- 
ing the  directions  given  for  the  lead  assay  fusion,  so  that  it  may  be 
completed  in  five  or  six  minutes  at  the  most.  When  finished  the  coal 
cover  is  removed,  and  the  crucible  with  the  perfectly  fluid  assay  lifted 
out  with  the  forceps  and  placed  on  its  stand  to  cool.  As  soon  as  it  can 
be  held  with  the  fingers  it  is  carefully  broken  on  the  anvil,  and  the 
metallic  button  at  the  bottom  freed  as  much  as  possible  from  ad- 
herent slag.  The  button  will  be  either  perfectly  round  and  free  from 
adherent  iron,  when  the  substance  contained  a  notable  amount  of 
metallic  arsenide ;  or  it  will  not  be  quite  spherical,  owing  to  adhering 
iron,  which  is  possibly  covered  with  some  sulphide  of  iron,  when  the 
substance  was  free  from  arsenides.  In  the  former  case,  careful  exam- 
ination will  show  that  the  button  consists  of  two  separate  alloys,  one 
white  and  consisting  of  bismuthiferous  silver,  and  one  gray  and  com- 
posed of  arsenides  of  cobalt,  nickel,  and  iron.  It  is  placed  between 
paper  on  the  anvil,  or,  if  none  of  the  arsenides  are  to  be  lost,  in  the 
steel  mortar,  and  the  arsenides  separated  from  the  silver  by  a  few 
careful  blows  of  the  hammer,  which  is  generally  very  thoroughly 
effected.  The  alloy  may  even  be  flattened  somewhat  when  the  bis- 
muth is  combined  with  three  to  four  times  as  much  pure  silver.     It 
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is,  hcwfver,  impossible  to  remove  tlie  trifling  quantity  of  slag  and  the 
traces  of  arsenides  from  its  surface,  and  the  button  must  therefore  be 
fused,  in  a  cavity  on  coal  with  a  little  borax-glass,  for  a  few  moments, 
in  a  feeble  R  P.,  but  only  until  the  surface  becomes  bright,  when  it  is 
immediately  allowed  to  cool,  and  can  now  be  separated  from  the  slag, 
which  only  adheres  to  one  side,  by  a  few  blows  on  the  anvil.  This 
must  of  course  be  carefully  done,  and  no  bismuth  volatilized  by  too 
long  a  blast.  The  slag  last  detached  from  the  button  is  added  to  the 
metallic  arsenides,  in  case  they  are  to  be  further  examined  for  cobalt 
and  nickel,  as  will  be  described  in  the  quantitative  assay  for  those 
metals. 

After  weighing  the  bismuthiferous  silver,  and  deducting  the  weight 
of  the  silver,  the  bismuth  is  ascertained,  unless  the  substance  itself 
contained  a  weighable  amount  of  silver.  Should  this  be  suspected, 
the  bismuthiferous  silver  button  is  cupelled  with  one  ctr.  of  test  lead, 
weighed,  and  the  corresponding  cupellation  loss  reckoned  from  p.  412 ; 
this  will  show  whether  there  Avas  a  weighable  amount  of  silver,  which 
must  be  deducted.  The  amount  of  silver  can  also  be  determined  by 
a  direct  assay  for  silver. 

Should  some  metallic  iron  be  found  on  the  side  of  the  metallic  but- 
ton, this  is  likewise  separated  between  paper,  or  in  the  steel  mortar, 
and  the  bismuthiferous  silver  button  fused  as  before  on  coal  with 
borax-glass,  to  detach  perfectly  the  adhering  slag.  The  weight  of 
the  bismuth  and  any  silver  originally  present  in  the  substance  is  then 
determined  as  above. 


B.     Minerals  in  which  the  Bismuth  occurs  as  sulphide;  alone, or  chemi- 
cally combined  with  metallic  arsenides,  or  with  other  sulphides. 

This  division  includes  Msmufhinite,  karelinite,  emplectite,  luittiche- 
nite,  scliapbacliite,  aikmite,  chiviatite,  TcohelUte,  and  grilnauite. 

With  the  exception  of  Jcohellite,  which  contains  sulphide  of  anti- 
mony and  must  be  roasted,  according  to  p.  436,  the  composition  of 
these  minerals  admits  of  their  fusion,  Avithout  any  further  prepara- 
tion, in  a  clay  crucible  with  suitable  alkaline  fluxing  and  reducing 
agents ;  a  bit  of  metallic  iron  being  added  to  prevent  the  possible 
slagging  of  sulphide  of  bismuth  ;  also  the  amount  of  silver  necessary 
to  collect  the  separated  bismuth. 

After  the  roasting,  if  necessary,  and  again  after  sulphurizing  the 
roasted  product,  according  to  p.  462,  when  copper  is  also  present,  one 
centner  of  the  mineral  is  charged  in  &  clay  crucible  with — 
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30  milligr.  of  iron  wire,  or  thereabouts ; 
50-200        "       pure  silver,  in  clippings  or  buttons ; 

300       "       of  the  flux   and  reducing   agent    used  for  leaa 
assays,  etc. 

When  not  sintered  together  during  the  sulphurizing  process  which 
may  have  followed  the  roasting,  the  whole  is  mixed  with  the  aid  of 
the  spoon-handle,  compacted  somewhat  by  striking  the  crucible 
against  the  table,  and  covered  with  three  heaped  spoonfuls  of  salt. 
The  fusion  is  then  condacted  just  as  with  the  substances  of  the  first 
class. 

On  breaking  the  crucible,  the  round  button  of  silver  and  bis- 
muth is  found  at  the  bottom,  and  beside  it  the  iron  added,  which  is 
generally  coated  with  sulphide  of  iron.  The  metallic  button  sepa- 
rated from  the  iron  on  the  anvil  is  fused  a  few  moments  with  borax- 
glass  on  coal,  until  it  shows  a  bright  surface,  and  when  cool  is  freed 
from  the  trifling  adherent  slag,  and  weighed. 

Some  of  the  above-named  minerals  contain  other  metals  besides 
bismuth,  viz.,  copper,  silver,  lead,  and  antimony.  When  there  is 
little  copper,  and  this  is  present  as  sulphide,  little  or  none  goes  into 
the  metal ;  the  antimony  can,  for  the  most  part,  be  separated  by  the 
preliminary  roasting ;  when  therefore  a  special  assay  has  shown  only 
a  very  trifling  amount  of  silver,  the  increase  of  weight  consists  of 
bismuth  and  lead,  with  possibly  copper,  provided  the  substance  con- 
tained lead. 

To  determine  the  amount  of  each  of  these  metals,  the  metallic 
button  is  fused  in  the  platinum  capsule,  p.  21,  over  the  spirit-lamp, 
with  twelve  to  fifteen  times  its  weight  of  bisulphate  of  potassa,  and 
small  portions  of  this  salt  are  added  from  time  to  time,  if  required, 
until  the  metallic  button  has  disappeared.  The  capsule  is  then 
placed  in  a  porcelain  vessel.  Fig.  62,  p.  43,  and  heated  with  distilled 
water  until  the  fused  salt  is  dissolved  and  the  sulphates  of  lead  and 
bismuth  have  separated  in  a  pulverulent  form,  p.  280.  After  settling 
some  time  the  whole  is  filtered,  or  the  clear  solution  of  sulphates  of 
potassa  and  silver  is  decanted  from  the  residue  into  another  vessel 
with  the  aid  of  a  glass  rod,  fresh  water  is  added,  stirred,  and  the 
Avhole  allowed  to  settle,  after  which  the  water  is  again  decanted.* 
The  residual  sulphates  of  lead  and  bismuth  are  covered  with  water 
containing  some  sulphuric  acid  and  heated  to  boiling,  when  the  sul- 
phate of  bismuth  dissolves  easily,  especially  after  adding  a  few  drops 

*  The  silver  can  be  extracted  from  the  decanted  solution,  after  diluting  it,  hy  adding 
salt  solution,  and  prcceeding  as  described  on  p.  430. 
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of  nitric  acid,  while  the  remaining  sulphate  of  lead  can  he  collected 
on  a  filter  and  washed.  It  is  then  dried  thoroughly,  weighed,  and 
the  amount  of  metallic  lead  in  it  calculated ;  100  parts  of  sulphate 
of  lead  contain  68.3  parts  of  bad.  The  bismuth  is  obtained  by  the 
difference,  in  case  the  button  was  free  from  copper.  Should  copper 
be  present,  as  shown  by  the  more  or  less  blue  color  of  the  mafes 
obtained  by  the  fusion  with  bisulphate  of  potassa,  the  bismuth  must 
be  precipitated  from  its  solution  by  warming  it  with  carbonate  of 
ammonia,  filtered,  and  when  dry  reduced  with  the  addition  of  silver 
in  a  clay  crucible,  by  means  of  the  flux  already  mentioned.  This 
method  is,  however,  only  to  be  recommended  when  the  solution 
shows  a  distinct  blue  color. 

Although  the  determination  of  lead  and  bismuth  by  the  preceding 
method  is  not  quite  exact,  and  in  presence  of  copper  is  very  com- 
plicated, it  at  least  gives  approximately  true  results.  The  amount 
of  lead  obtained  is,  moreover,  incorrect  when  a  little  antimony  is 
present,  because  this  metal,  although  oxidized  by  fusion  with  bisul- 
phate of  potassa,  is  not  separated  from  the  lead. 

If  a  notable  amount  of  silver  has  been  found  by  a  special  assay, 
this  must  be  deducted  together  with  the  weight  of  the  silver  added. 

Example. — 'Bj  a  special  assay  for  silver  in  a  substance  containing  silver,  lead,  and 
bismuth,  15  Vo  of  silver  has  been  found,  including  the  cupellation  loss;  that  is,  15 
milligr.  in  100  milligr.  of  the  substance.  In  the  assay  for  bismuth  100  milligr.  of  silver 
were  added,  and  an  alloy -weighing  175  milligr.  obtained.  Deducting  115  milligr.  for 
the  silver,  there  remain  60  milligr.  of  bismuth  and  lead.  From  the  separation  with 
bisulphate  of  potassa  48  milligr.  sulphate  of  lead,  or  32.8  milligr.  lead,  are  obtained  ; 
then  60  —  32.8  =  27.2  milligr.  gives  the  amount  of  bismuth,  and  we  have: — Ag  = 
15  Vo,  Pb  =  32.8  Vo,  Bi  =  27.2  Vo. 

O.  Minerals,  Ores,  and  Products  containing  the  Bismuth  as  oxide; 
free,  or  combined  with  Carbonic,  Phosphoric,  or  Silicic  Acids,  etc., 
and  possibly  mingled  with  Oxides  of  Copper,  Nickel,  and  Cobalt, 
or  their  Salts ;  or  else  containing  the  Bismuth  combined  with 
Chlorine. 

Here  are  included, among  minerals, chiefly  the  following:  bismuth 
ochre,  Msmutite,  eul^/tife,  and  hypochlorite;  among  artificial  products, 
the  basic  chloride  of  bismuth  obtained  by  purifying,  with  dilute 
hydrochloric  acid,  the  bismuthiferous  oxide  of  tin  ore  roasted  on 
the  large  scale,  and  also  by  the  extraction  of  bismuth  in  the  wet 
way  from  the  mass  of  the  silver  refining  hearth,  etc. 

If  the  minerals  named  are  free  from  disseminated  metallic  oxides, 
which  are  easily  reducible,  they  may  be  at  once  charged  and  fused 
with   the  flux  and  reducing  agent;   but  if  they  contain  copper, 
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nickel,  or  cobalt,  in  the  oxidized  state,  either  free,  or  combined  with 
acids,  tliej  must  first  be  converted  into  sulphides  by  ignition  in  a 
crucible  with  sulphur,  according  to  the  note  on  p.  456,  or  into 
arsenides,  as-  will  be  described  in  the  cobalt  and  nickel  assay,  in 
which  latter  case  the  amount  of  nickel,  cobalt,  and  copper  can  be  at 
the  same  time  ascertained. 

One  centner  of  the  properly  prepared  substance  is  charged  in  a 
small  clay  crucible,  just  as  for  the  substances  of  the  first  and  second 
classes,  with — 

25-30  milligr.  iron  wire, 
80-100      "      pure  silver, 

300      "      flux  and  reducing  agent,  p.  454. 

The  whole,  being  mixed  in  the  crucible  with  the  spoon-handle,  and 
compacted  by  striking  it  on  the  table,  is  covered  with  three  heaped 
spoonfuls  of  salt,  and  fused  as  the  preceding  substances  of  the  first 
and  second  class.  The  result  of  the  fusion  is  a  bismuthiferous  silver 
button,  either  with  adherent  iron,  which  is  sometimes  surrounded 
with  sulphide  of  iron  or  speiss,  or  together  with  metallic  arsenides 
(speisses),  which  have  taken  up  the  iron.  The  metallic  button,  care- 
fully separated  from  the  iron  or  speiss  on  the  anvil,  is  fused  with 
borax-glass  on  coal,  to  give  it  a  bright  surface,  when  it  is  freed  from 
the  adhering  slag  and  weighed.  By  deducting  the  silver  added  the 
weight  of  bismuth  is  obtained. 

In  examining  the  basic  chloride  of  bismuth  obtained  from  impure 
tin  ores,  which  has  been  washed  away  as  a  basic  salt  and  collected  in 
settling  pits,  some  tin  is  also  obtained  in  the  alloy,  when  the  chloride 
was  not  free  from  disseminated  particles  of  oxide  of  tin.  This  is 
immediately  perceived  when  melting  the  bismuthiferous  button 
with  the  borax,  as  its  surface  is  covered  with  a  thin  film  of  oxide, 
instead  of  becoming  bright.  In  this  case  it  is  necessary  to  dissolve 
the  button  in  nitric  acid  and  separate  the  residue  of  binoxide  of  tin, 
the  amount  of  which  must  be  ascertained.  For  this  purpose  the 
solution  of  silver  and  bismuth  in  nitric  acid  is  diluted  with  water 
and  warmed,  so  that  the  previously  very  finely  divided  oxide  of  tin 
may  adhere  together  somewhat  and  be  separated  by  filtration.  After 
washing  and  drying  this  it  is  cautiously  ignited  in  the  platinum 
capsule  and  weighed  ;  100  parts  of  the  binoxide  of  tin  contain  78.6 
parts  of  tin.  By  deducting  the  weight  of  the  tin  from  the  impure 
bismuth,  the  amount  of  bismuth  is  ascertained.  (The  proportion 
of  tin  thus  obtained  is,  however,  smaller  than  would  result  from 
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a  direct  assay  for  tin,  because  some  of  the  tin  is  slagged  off,  espe- 
cially in  presence  of  metallic  Sulphides.) 

6.  THE   TIN   ASSAY. 

Cassiterite  is  the  ore  from  which  tin  is  made  on  a  large  scale,  and 
on  which  the  tin  assay  is  principally  founded.  However  simple  the 
determination  of  the  percentage  of  tin  in  the  same  may  he,  in  the 
absence  of  foreign  substances,  still  the  assay  becomes  quite  compli- 
cated when  other  reducible  compounds  are  present,  which  is  often  the 
case,  for  they  must  be  separated  from  the  ore  before  the  fusion,  by 
treating  it  in  the  wet  way. 

In  the  quantitative  tin  assay,  therefore,  the  minerals,  ores,  and 
products  in  which  this  metal  forms  an  essential  ingredient,  can  be 
classed  as  follows : 

A.  Those  which  contain  the  tin  either  as  sulphide,  or  as  oxide 

mixed  with  sulphides  and  arsenides ; 

B.  Those  which  contain  the  tin  as  oxide,  free  from  sulphides  and 

arsenides ; 

C.  Those  which  contain  the  tin  as  metal,  alloyed  with  other  metals. 

A.  Assay  of  Minerals,  Ores,  and  Products  that  contain  the  Tin  either  as 
sulphide,  or  as  oxide  mixed  with  sulphides  and  arsenides. 

This  class  includes  not  only  the  tin  pyrites  or  stannite,  which  is 
the  only  mineral  in  which  tin  occurs  chemically  combined  with 
sulphur  and  other  sulphides,  but  also  the  dressed  tin  slimes,  which 
contain  the  tin  as  oxide,  it  is  true,  but  in  which  very  frequently  small 
quantities  of  sulphides  and  arsenides  are  present,  notwithstanding  the 
roasting  both  before  and  after  the  dressing.  Of  the  products  belong- 
ing in  this  class.  Mosaic  gold  must  be  mentioned,  which  consists  of 
tin  combined  with  its  maximum  of  sulphur. 

When  a  substance  in  this  class  is  to  be  assayed  for  tin,  one  centner 
of  the  prepared  assay  powder  is  weighed  out,  and  then  the  volatile 
ingi-edients  driven  off  by  roasting.  A  description  of  the  method  of 
roasting  would  be  superfluous  here,  as  the  roasting  of  a  substance  to 
be  assayed  for  tin  is  performed  exactly  in  the  same  way  as  that  of  a 
copper  ore,  with  coal  dust,  p.  436,  et.  seq. 

The  roasting  is  quickly  finished  if  the  substance  to  be  roasted  con- 
tains among  the  volatile  ingredients  only  sulphur,  or  sulphur  with  a 
trace  of  arsenic,  or  only  a  small  percentage  of  sulphur  and  arsenic, 
which  latter  is  sometimes  the  case  with  the  tin  slimes  that  have  been 
roasted  and  dressed  on  a  large  scale.    If,  however,  it  contains  much 
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arsenic,  tlie  roasting  with  charcoal  is  longer,  and  is  to  be  continued 
until  there  is  not  the  slightest  trace  of  the  odor  of  arsenic  noticeable, 
when  charcoal  is  added,  and  the  substance  brought  to  a  red  heat. 
The  dressed  tin  slimes,  if  they  have  already  been  roasted  for  dressing, 
require  only  one  roasting,  but  it  is  necessary  to  roast  the  other  substan- 
ces, which  contain  the  tin  combined  with  sulphur,  or  as  oxide  mixed 
with  sulphides  and  arsenides,  two  or  three  times  with  charcoal  powder. 

By  this  process,  if  it  is  well  done,  the  sulphur  and  arsenic  are 
driven  off  from  the  substance  containing  the  tin,  which  is,  perhaps, 
mixed  with  pyrite,  mispickel,  chalcopyrite,  stibnite,  bismuthinite 
(bismuth  glance)  or  bismuth,  blende,  wolframite,  etc.,  and,  of  the 
other  metals,  tin,  if  not  already  present  as  oxide,  and  the  copper,  iron, 
bismuth,  and  zinc  are  oxidized.  Those  metals,  besides  arsenic,  which 
are  capable  of  forming  acids,  and  which  are  volatilized  during -the 
roasting  only  with  difficulty,  or  not  at  all,  viz.,  a  part  of  the  anti- 
mony, molybdenum,  tungsten,  and  titanium  remain  behind  as  acids. 

The  proper  appearance  of  a  well-roasted  tin  ore  is  very  similar  to 
that  of  a  properly-roasted  lead  ore.  The  roasted  ore  must  give  no 
odor  while  still  mixed  with  charcoal  powder  and  heated  to  redness, 
and  must  not,  when  rubbed  in  a  mortar  after  complete  combustion  of 
the  coal,  show  any  shining  particles  of  sulphides  or  arsenides.  It 
must  also  be  in  a  very  porous  state  when  in  the  roasting  capsule. 

If  a  well-roasted  tin  ore,  consisting,  for  example,  of  the  oxides  of 
tin,  iron,  manganese,  bismuth,  and  copper,  were  immediately  reduced, 
there  Avould  only  result,  even  with  the  best  reducing  fluxes,  a  brittle 
and  gray  button  of  tin  that  would  weigh  too  much.  This  would 
happen,  because  not  only  the  oxides  of  copper  and  bismuth  with  that 
of  tin  are  reduced,  but  a  part  of  the  oxide  of  iron  is  also  reduced  to 
metal  and  alloyed  with  the  tin,  owing  to  the  action  both  of  the  large 
amount  of  charcoal  present  and  of  the  reduced  tin  upon  that  oxide. 
As  these  disadvantages  cannot  be  remedied  by  the  dry  way,  it  is 
necessary  to  dissolve  out,  by  means  of  hydrochloric  acid,  the  oxides 
of  iron,  manganese,  bismuth,  and  copper  that  are  mixed  with  the 
roasted  tin  ore.*     The  method  is  as  follows : 


*  BERxniER  recommends  to  boil  the  raw,  powdered  tin  ore  a  few  minutes,  with  a 
Bufficient  quantity  of  aqua  regia,  to  dilute  the  solution  with  water,  to  collect  the  residue 
upon  a  filter,  and  wash  it  well,  by  which  the  ore  is  freed  from  both  the  iron  and  from  the 
other  injurious  ingredients.  It  is  then  only  necessary  to  dry  the  filter  and  take  out  the 
contents,  to  burn  the  paper  and  ignite  the  whole  in  a  porcelain  dish  or  clay  crucible,  in 
order  to  burn  off  any  sulphur  that  might  have  been  separated  during  the  treatment  of 
the  ore  with  aqua  regia.  Since,  however,  not  a  small  quantity  of  sulphur  is  separated 
by  this  treatment  from  a  tin  oi-e  that  contains  a  large  admixture  of  pyrites,  and  as  this 


MINEEALS  OOXTAIKIKQ   TIN"  AS  SULPHIDE   OR  OXIDE.        4G7 

The  well-roasted  ore  is  put  into  a  small  porcelain  dish,  Fig.  02,  \\ 
43,  and  hydrochloric  acid  poured  upon  it  until  the  acid  stands  about 
0.5  c.  m.  above  the  powder.  The  dish  is  then  placed  upon  the  igniting 
ring,  p.  8,  which  should  be  about  sixty  niillim.  above  the  flame,  and 
the  wick  pushed  down  into  the  lamp,  so  that  only  a  small  flame 
remains,  Avhich  heats  the  dish  quite  gently.  The  dish  should  be 
covered  with  a  watch-glass. 

This  digestion  is  continued  uninterruptedly  for  four  or  five  minutes, 
and  care  taken  that  the  acid  does  not  boil  too  strongly.  In  the  course 
of  at  most  five  minutes,  in  which  time  all  the  oxides  of  iron,  man- 
ganese, bismuth,  copper,  and  zinc,  as  well  as  any  acids  of  antimony 
that  might  be  present,  are  dissolved,  the  ring  with  the  dish  is  turned 
away  from  the  flame,  and  the  whole  allowed  to  cool. 

The  watch-glass  is  then  removed  from  the  dish,  and  freed  by 
porous  paper  from  any  adhering  acid.  The  residue  consists  either  of 
oxide  of  tin  or  cassiterite  alone,  or  maybe  mixed  with  tungstic  and 
titanic  acids,  for  an  admixture  of  Avolframite  and  titanic  iron  is 
decomposed  in  such  a  way  that  the  above-mentioned  acids  are 
separated.  The  insoluble  powder  may  be  freed  in  two  ways  from 
the  clear,  yellow,  or  gi-een-colored  solution:  first,  by  diluting  with 
water  the  solution  of  the  oxides,  filtering,  washing  the  residue,  and 
burning  the  filter.  This  method  must  be  employed  in  the  assay  of 
stannite  or  tin  pyrites,  and  also  for  tin  ores  that  are  free  from 
bismuth,  so  that  no  separation  of  a  basic  salt  is  to  be  feared  when 
water  is  added;  second,  and  in  most  cases,  the  solution,  after  the 
residue  has  settled,  can  be  removed  with  the  aid  of  a  small  glass 
pipette,  and  three  or  four  times  as  much  pure  water  added  in  its  place. 
The  water,  however,  must  be  dropped  very  carefully  upon  the  sides  of 
the  dish,  so  that  the  powdered  ore  on  the  bottom  will  not  be  disturbed, 
nor  the  lighter  particles  of  the  same  mixed  with  the  water,  because, 
otherwise,  time  will  be  required  again  to  separate  them.  If  the  dish 
is  aow  warmed,  any  portion  of  the  solution  that  has  remained  behind 
will  unite  with  the  water,  and  the  dish  being  inclined  to  one  side,  can 
be  separated  from  the  heavier  powder  with  the  aid  of  a  small  pipette, 
perfectly  clear,  if  it  is  not  rendered  slightly  cloudy  by  basic  chloride 
of  bismuth.  If  it  happens  that  very  small  particles  of  the  earthy 
portion  of  the  powder  float  upon  the  surface  of  the  water,  and  settle 
only  with  difficulty,  the  opening  of  the  pipette  must  be  kept  as  much 


sulphur  is  apt  to  leave  behind,  after  the  ignition,  small  quantities  of  metallic  sulpliidei 
which  would  injure  the  reduction  of  the  oxide  of  tin,  it  is  better  to  roast  this  kind  of 
ore,  and  then  treat  it  with  hydrochloric  acid. 
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as  possible  below  the  surface,  so  tbat  the  particles  may  not  be  lost  by 
being  drawn  into  the  pipette.  In  order,  then,  to  free  the  powder  from 
the  adhering  water,  the  dish  is  put  upon  the  ignition  ring,  and 
heated  until  the  powder  is  perfectly  dry. 

The  entire  operation,  including  the  solution,  requires  but  a 
quarter  of  an  hour,  when  filtering  is  not  necessary,  and  with  proj^er 
care  no  loss  of  tin  is  to  be  feared.  It  is  easy  to  understand  that  the 
protoxides  of  iron  and  manganese,  which  are  chemically  combined 
with  the  cassiterite,  and  which  even  in  a  dark-colored  tin  ore  scarcely 
amount  to  two  per  cent.,  are  not  removed  by  this  operation.  Since, 
however,  these  small  quantities  of  the  oxides  are  slagged  oJBT,  and 
only  a  slight  trace  of  the  protoxide  of  iron  is  reduced  to  metal  and 
alloyed  with  the  tin,  this  inaccuracy,  that  can  scarcely  be  noticed 
upon  the  balance,  is  not  regarded. 

If  tin  slimes  are  to  be  assayed  for  tin,  which  have  already  been 
roasted  in  the  reverberatory  furnace  to  affect  an  almost  complete 
dressing,  and  which  only  contain  a  small  percentage  of  sulphur  and 
arsenic,  the  roasting  may  be  omitted  and  they  may  be  treated  directly 
with  aqua  regia,  as  described  by  Berthier,  vide  note,  p.  46 G,  in  the 
same  way  as  the  roasted  ore,  with  hydrochloric  acid. 

After  the  substance  to  be  assayed  for  tin  has  been  freed  from  the 
constituents  or  ingredients  that  hinder  the  production  of  a  pure 
tin,  either  by  roasting  and  treating  with  hydrochloric  acid  or  by 
aqua  regia  alone,  the  reduction  of  the  oxide  of  tin  is  effected.  This 
may  be  done  with  the  employment  of  the  proper  fluxes  in  two  ways : 
either  in  a  lined  clay  crucible,  as  in  the  reduction  of  the  oxide  of 
lead  in  roasted  lead  ores,  p.  451,  or  in  the  same  kind  of  crucible  not 
lined,  as  for  a  lead  assay  according  to  the  second  method,  p.  454. 

a.  The  reduction  of  the  prepared  tin  ore  in  a  clay  crticible  lined  luith 

charcoal. 

The  charge  for  this  fusion  consists  of — 

100  milligr.  perfectly  dry  soda,  and 
30        "      borax-glass. 

This  charge  is  weighed  out,  while  the  ore,  after  having  been  treated 
with  hydrochloric  acid  and  washed  with  water,  is  drying,  and  is 
mixed  with  the  same  in  the  agate  mortar.  Tlie  mixture  is  then 
packed  in  a  cylinder  of  soda-paper,  in  the  same  way  as  a  roasted  lead 
ore,  and  fused  in  a  covered  clay  crucible  lined  with  coal,  as  is  described 
in  detail  on  p.  451.  The  fusion  of  a  tin  assay  requires  from  eight  to 
ten  minutes.    After  cooling,  a  button  is  found  upon  the  bottom  of 
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the  crucible,  which  consists  principally  of  slag,  and  in  this  is  inclosed 
the  reduced  tin,  seldom  in  a  single  globule,  but  oftener  separated  into 
several  large  and  small  buttons.  These  buttons  are,  as  in  the  lead 
assay,  cleaned  by  rubbing  and  triturating  the  slag  with  water,  and 
are  then  dried.  As  the  slag  from  a  tin  assay  is  generally  so  consti- 
tuted, in  the  absence  of  many  earthy  ingredients,  that  it  dissolves 
quite  easily  in  boiling  water,  the  tin  may  be  separated  from  it  in  the 
following  way :  the  button  consisting  of  slag  and  globules  of  tin  is 
broken  up,  either  between  paper  on  the  anvil  or  in  the  steel  mortar, 
as  much  as  the  globules  of  tin  permit,  and  the  mass  is  transferred  to 
a  small  porcelain  capsule,  water  added,  and  the  whole  placed  over  the 
lamjD.  When  the  slag  is  dissolved,  the  fluid  is  carefully  ponred  off, 
and  the  moist  residue,  which  contains  finely-divided  particles  of 
charcoal  that  have  separated  from  the  slag,  is  stirred  up  Avitli  the 
pestle,  water  again  added,  so  that  all  the  lighter  portions  of  the  slag 
that  remain  may  be  separated  from  the  globules  of  tin.  If,  in  con- 
soqi^ence  of  the  ore  containing  quartz,  the  slag  is  insoluble  in  water, 
it  is  only  necessary  to  add  some  acetic  acid,  warm  the  whole,  and 
then  clean  the  globules  of  tin  by  washing  with  water.  They  may 
then  be  dried  in  the  capsule  over  the  lamp.  The  purity  of  the  result- 
ing tin  is  proved  partly  by  the  magnet,  and  partly  by  its  color  and 
malleability. 

If  the  roasting  and  separation  of  the  oxides  of  iron  and  copper,  as 
well  as  of  the  acids  of  antimony,  which  may  be  combined  with  metal- 
lic oxides,  have  been  carefully  done,  the  tin  from  the  reduction,  if  the 
proper  amount  of  heat  has  been  employed,  will  be  pure  and  of  the  right 
weight.  If,  however,  the  roasting  and  digestion  of  the  ore  in  hydro- 
chloric acid  has  not  been  continued  long  enough,  the  tin,  after  reduc- 
tion, will  be  brittle  when  copper  and  antimony  are  present,  and  if  it 
contains  even  a  small  amount  of  iron,  will  be  malleable  it  is  true,  but 
when  finely  divided  and  brought  under  water,  it  will  be  attracted  by 
the  magnet,  and  its  weight  will  certainly  be  too  high.  If  the  ore 
to  be  assayed  for  tin  contains  quantities  of  tungstic  or  titanic  acids, 
these  acids,  as  above  mentioned,  cannot  be  separated  from  the  ore  by 
means  of  hydrochloric  acid.  During  the  reduction  of  the  oxide  of 
tin,  however,  they  mostly  go  into  the  slag,  so  that  they  are  to  be 
regarded  as  harmless.  If,  on  the  contrary,  the  amount  of  tungstic 
acid  present  is  considerable,  a  part  of  the  same  is  easily  reduced,  and 
the  tin  that  results  in  this  case  is  rendered  impure  by  tungsten, 
which  cannot  be  prevented. 

Cassiterite,  or  tin-stone,  occurs  in  stochverks  deposits,  and  veins 
in  and  with  granite,  gneiss,  mica  schist,  clay,  talc,  calcite,  and  many 
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other  gangues ;  it  is  found  also  accompanied  by  iron  and  copper  py- 
rites, mispickel,  native  bismuth  or  bismuth  glance,  stibnite,  blende, 
wolframite, molybdenite,  ochre,  magnetite,  etc.,  and  it  is  often  so  finely 
disseminated  through  some  of  these  gangues,  that  no  certain  result 
can  be  obtained  from  a  blowpipe  assay,  because  the  percentage  may 
be  too  insignificant.  In  this  case,  after  the  ore  has  been  finely  pulver- 
ized aud  weighed,  the  earthy  admixtures  are  to  be  removed  by  care- 
ful washing,  and  at  least  two  quantitative  tin  assays  made  from  the 
slimes  thus  obtained,  in  which  the  heavier  tin  ore  is  concentrated, 
after  it  has  become  perfectly  dry  and  its  weight  has  been  ascertained. 
After  weighing  the  tin  obtained,  it  must  be  examined  as  to  its  purity, 
and  the  percentage  calculated  for  the  crude  ore. 

For  example: — Suppose  there  was  obtained  from  5  grm.  =  50  ctr.  or  5000milligr. 
of  the  finely -pulverized  ore  by  careful  washing  (performed  in  a  beaker  glass  of  the  proper 
size  with  the  aid  of  a  glass  rod),  a  quantity  of  slime,  that  weighed  when  dry  700  milligr. ; 
from  these  700  milligr.,  which  were  well  mixed  and  rubbed  together  in  an  agate  mortar, 
two  tin  assays  were  made.   If  there  resulted  from  each  of  these  assays  1.5  per  cent,  of  tin, 

700  X  1.5  •  .        ^ 

the  700  milligr.  of  slime  would  contain  — r^ —  =z  10.5  milligr.  of  tin.    If  the  wash- 
*  100  ° 

ing  was  carefully  done,  these  10.5  milligr.  constitute  almost  the  entire  amount  of  tin  in 

the  5  grm.  =  5000  milligr.  of  crude  ore  mentioned  above ;  therefore,  in  100  of  this  ore 

100  X  10.5 
there  are  — cnon —  ~  ^--^  milligr.,  or  per  cent.,  of  tin. 

b.  The  reduction  of  the  iprepared  tin  ore  in  a  clay  crucible  not  lined 

with  charcoal. 

The  fusion  of  the  properly  purified  tin  ore  can  be  made  in  a  shorter 
time  if  a  clay  crucible  is  employed  that  is  not  lined,  the  ore  being 
charged  with  an  easily  fusible  flux  of  the  proper  sort.  For  the  tin 
assay  in  general  is  to  be  recommended,  according  to  Winkler  (Berg, 
und  Hiitt.  zeit.,  1864,  No.  3),  the  addition  of  some  agent  for  collect- 
ing the  reduced  tin.  In  the  blowpipe  assay  silver  may  be  used, 
which  is  added  to  the  tin  ore  in  a  finely-divided  state,*  in  an  exactly 
weighed  quantity  of  fifty  to  eighty  milligr.,  according  to  the  purity 
of  the  ore. 

There  are  also  added,  three  hundred  milligr.  of  Plattner's  flux,  as 
well  as  fifty  milligr.  of  starch.     The  w^hole  is  then  mixed  with  the 

*  This  finely  divided  silver  can  be  easily  prepared  by  decomposing  chloride  of  silver 
with  metfillic  zinc.  The  dry  chloride'  is  fused  in  a  porcelain  crucible,  water  added 
when  cool,  a  few  drops  of  hydrochloric  acid  poured  into  it,  and  a  piece  of  clean  zinc 
laid  upon  the  chloride  of  silver.  In  a  short  time  the  chloride  is  changed  throughout  to 
i,  gray  mass  of  metallic  silver,  which  must  be  pressed  and  rubbed,  while  moist,  first  with 
water  containing  liydrochloric  acid,  and  then  well  washed  with  pure  water  and  tho- 
roughly dried.     It  can  then  be  preserved  for  future  use. 
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handle  of  an  ivory  spoon,  the  mass  being  rendered  more  solid  by 
carefully  tapping  the  crucible  upon  the  table,  and  covered  with  three 
heaped  spoonfuls,  about  six  hundred  milligr.,  of  salt.  The  assay 
charged  in  this  way  is  then  fused  in  a  square  coal,  as  in  the  lead 
assay,  p.  455. 

After  the  fusion  has  lasted  for  five,  or  at  the  most  six  minutes, 
there  is  obtained :  first,  a  perfectly  fluid  slag,  which  becomes  light 
gray  when  cold ;  and  second,  a  metallic  button,  consisting  of  silver 
and  tin,  wliich  is  malleable,  and  the  weight  of  which,  after  deducting 
the  amount  of  silver,  gives  the  amount  of  tin  in  the  substance. 
Upon  dissolving  the  button  in  nitric  acid  the  tin  remains  as  oxide, 
and  the  silver  may  be  obtained  again  in  a  pure  state. 

B.  Assay  of  Minerals   and  Artificial    Products  which  contain   the   Tin 

as  oxide. 

The  minerals  and  artificial  products  that  belong  in  this  class  must 
be  assayed  for  tin  according  to  diiferent  methods,  and  are  divided, 
therefore,  as  follows : 

a.  Those  which  are  free  from  the  oxides  of  iron  and  admixtures  of 

metallic  sulphides  and  arsenides. 
5.  Those  which  contain  beside  oxides  of  tin,  silicates  of  the  pro- 
toxide of  iron  and  earths. 

a.  Asmy  of  minerals  and  artificial  products  which  contain  the  tin  as 

oxide,  free  from  the  oxides  of  iron  and  admixtures  of  metallic  sul- 

2)hides  and  arsenides. 

In  this  class  belong,  among  minerals,  the  pure  oxide  of  tin;  and 
among  the  metallurgical  products,  zinnasche  and  enamel. 

As  a  matter  of  course,  with  these  substances  the  roasting  before  the 
reduction  of  the  oxide  of  tin  is  omitted,  and  also  the  treatment  with 
hydrochloric  acid,  provided  no  oxide  of  iron  or  copper,  or  acids  of 
antimony,  are  present  as  admixtures.  It  is  only  necessary  to  weigh 
out  one  hundred  milligr.  of  the  perfectly  dry,  finely  pulverized  cas- 
siterite,  or  of  those  products  which  do  not  contain  silica,  and  to 
charge  the  same  with — 

100  milligr.  soda,  and 
30        "      borax-glass. 

The  reduction  is  then  performed  in  a  clay  crucible  lined  with  char- 
coal, as  for  the  substances  belonging  under  the  former  class. 

In  the  determination,  however,  of  the  amount  of  tin  in  enamel, 
which  is  a  combination  of  silica  and  oxide  of  tin,  it  is  necessary  to 
charge  one  hundred  milligr.  of  the  same  with — 
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150  milligr.  soda,  and 
30         "      borax-glass, 

so  that  the  silica  may  combine  with  the  soda,  while  the  oxide  of  tin 
is  reduced.  As  enamel,  however,  often  contains  oxide  of  lead,  which 
is  also  easily  reduced,  the  tin  obtained  in  this  case  is  not  pure,  but 
is  alloyed  with  lead.  Such  a  combination  cannot,  it  is  true,  be  sep- 
arated in  the  dry  way,  but  this  can  be  done,  with  nitric  acid,  in 
which  the  lead  is  dissolved,  while  the  tin  remains  behind  as  insolu- 
ble oxide.  It  is  then  only  necessary  to  wash  this  oxide  well  with 
water  on  a  small  filter,  dry,  and  ignite  strongly  in  a  platinum  spoon. 
The  amount  of  metal  can  be  easily  calculated  from  the  weight  of  the 
ignited  oxide ;  100  equivalents  of  oxide  of  tin  contain  78.6  of  metal- 
lic tin. 

The  reduction  of  the  substances  that  belong  in  this  subdivision 
can  also  be  made  in  a  clay  crucible  not  lined  with  coal,  in  the  same 
manner  as  for  the  substances  in  the  division  A.,  p.  471. 

5.  Assay  of  products  which  contain  the  tin  as  oxide  combined  with 
silicates  of  the  protoxide  of  iron  and  of  the  earths. 

In  this  class  belong  principally  the  tin  slags,  or  the  slags  from  the 
smelting  of  tin  ore,  which  are  distinguished  as  follows: 

a.  Slags  {Stein schlaclcen),  which  are  obtained  from  the  direct 
smelting  of  the  tin  ore  (cassiterite) ;  they  often  contain,  besides  the 
oxide  of  tin  and  unaltered  particles  of  cassiterite,  a  considerable 
quantity  of  globules  of  tin,  for  which  reason  they  are  repassed 
through  the  furnace. 

^.  Slags,  which  result  from  the  second  smelting  of  the  above-men- 
tioned slags ;  they  are,  it  is  true,  either  free  from  globules  of  tin  or 
at  loast  much  freer  from  them  than  the  above,  but  they  still  contain 
more  or  less  of  chemically  combined  oxide  of  tin,  as  well  as  some 
iinaltered  particles  of  cassiterite  mechanically  mixed. 

These  slags,  the  former  as  well  as  the  latter,  cannot  be  assayed 
according  to  the  methods  described  above,  on  account  of  the  large 
percentage  of  protoxide  of  iron  present,  which  is  combined  with 
silicic  acid  and  sometimes  partly  with  tungstic  acid,  because  there 
would  result  a  button  of  tin  containing  iron,  and  consequently  a 
false  percentage.  As  hydrochloric  acid  cannot  be  used  to  separate 
the  protoxide  of  iron,  because  the  combination  of  the  silicates  is  not 
always  perfectly  decomposed  by  this  acid,  there  being  danger  also  of 
bringing  tin  into  the  solution,  another  mode  of  treatment  must  be 
employed. 
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If  the  slags  contain  globules  of  tin,  several  small  pieces  must  be 
pulverized  in  an  iron  mortar,  the  powder  well  mixed  together,  and 
two  to  five  grammes  weighed  out,  according  as  the  globules  of  tin 
are  small  or  large.  The  larger  and  free  globules  of  tin  are  then 
removed  with  the  forceps  and  the  powder  rubbed  fine  in  an  agate 
mortar,  in  small  portions  at  a  time,  the  pure  slag  being  each  time 
separated,  by  elutriation  with  water  in  a  porcelain  dish  or  beaker 
glass,  from  the  heavier  particles  of  metallic  tin.  This  alternate  elu- 
triation with  Avater  and  pulverization  of  the  residue  of  slag  is  carried 
on  until  all  the  slag  is  separated.  The  particles  of  metallic  tin  are 
then  dried  in  a  porcelain  dish,  weighed  along  with  the  other  globules 
of  tin  that  were  first  separated,  and  the  percentage  calculated.  The 
elutriated  slag  is  collected  on  a  filter,  dried,  and  prepared  by  a  fusion 
with  bisulphate  of  potash  for  the  reduction  of  the  oxide  of  tin  that 
it  contains.  If  tin  slags  are  to  be  assayed,  Avhich  are  free  from  an 
admixture  of  globules  of  tin,  only  a  small  quantity  is  rubbed  fine  in 
an  agate  mortar,  elutriated  also  with  water,  because  it  can  only  be 
used  for  the  assay  when  in  an  extremely  fine  condition,  dried,  and 
prepared  like  the  preceding,  by  a  fusion  with  bisulphate  of  potash, 
for  the  reduction. 

For  this  purpose  one  ctr.  of  elutriated  and  dried  slag  is  carefully 
weighed  out.  Then  fifteen  to  eighteen  times  its  quantity  (1.5-1.8 
grammes)  of  bisulphate  of  potassa  is  fused  at  a  low  heat  in  a  plati- 
num capsule,  p.  21,  over  the  spirit-lamp,  and  the  weighed  slag,  as 
soon  as  the  fluid  salt  is  perfectly  quiet,  gradually  added  in  small 
quantities,  the  heat  being  increased  at  the  same  time.  This  fusion 
is  continued  until  no  more  undecomposed  particles  of  slag  are  to  be 
seen  in  the  glowing  and  fluid  mass,  and  no  bubbles  of  gas  arise.* 
By  this  means  the  silicates  are  decomposed,  the  bases  are  for  the 
most  part  dissolved  (the  protoxide  of  iron  as  sesquioxide),  and  the 
silicic  acid  remains  with  the  oxide  of  tin.  Tungstic  acid  is  also  left 
behind,  if  present  in  the  slag.  The  fused  salt  is  then  dissolved  in 
water  with  the  aid  of  heat,  the  platinum  capsule  along  with  its  con- 
tents being  put  into  a  porcelain  dish  containing  water,  to  which  a 
few  drops  of  hydrochloric  acid  have  been  added,  so  that  all  the  "ses- 
quioxide may  go  into  solution.  The  residue  is  collected  on  a  filter, 
washed  with  hot  water,  dried,  and  the  filter  burned.  This  residue 
contains  all  the  tin  as  oxide,  and  is  now  ready  for  the  reduction.  For 
this  operation  it  is  mixed  with — 


*  It  is  of  advantage  to  cover  the  platinum  capsule  with  a  piece  of  closely-fitting 
thin  foil,  in  order  to  prevent  any  mechanical  loss  and  an  unnecessary  evolution  of 
sulphuric  acid. 
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150  milligr.  soda,  and 
30      "       borax-glass, 

the  mixture  put  into  a  cylinder  of  soda-papei  and  fused  in  a  clay 
crucible  lined  with  charcoal,  as  described  for  a  substance  in  the  divi- 
sion A.  A  malleable  button  of  tin  almost  free  from  iron  is  then 
obtained,  if  the  fusion  with  bisulphate  of  potassa  has  been  properly 
conducted  and  if  the  slag  was  sufficiently  fine.  If  the  slag  contained 
a  noticeable  amount  of  tungstic  acid,  which  could  not  be  separated  by 
means  of  bisulphate  of  potash,  the  tin  will  contain  a  little  tungsten, 
because  the  tungstic  acid  is  also  reduced  and  the  tungsten  easily 
combined  with  the  tin.  The  amount  of  tungsten,  however,  is  seldom 
important. 

The  reduction  of  the  residue  obtained  from  the  fusion  with  bisul- 
phate of  potash  can  also  be  made  in  a  clay  crucible  not  lined  with 
brasque,  with  the  addition  of  silver,  according  to  p.  471. 

C.  Assay  of  Alloys  that  contain  Tin  as  an  ingredient. 

In  this  class  are  included  bell  and  gun  metal,  bronze,  as  well  as 
every  combination  of  tin  with  lead,  bismuth,  zinc,  and  antimony. 
Since,  however,  the  quantitative  determination  of  the  tin  in  the  last- 
named  alloys,  and  also  in  bronze  when  it  contains  lead,  as  is  often 
the  case,  is  very  inaccurate  in  the  dry  way  before  the  blowpipe,  but 
generally  easy  and  more  exact  in  the  wet  way,  the  tin  assay  proper  is 
limited  to  bell  and  gun  metal,  and  bronze  free  from  lead. 

The  separation  of  tin  from  copper  has  been  described  in  detail 
under  the  copper  assay,  p.  447,  where,  however,  the  copper  only  is 
regarded,  and  no  attention  paid  to  the  tin.  If  it  is  purposed  to 
determine  the  amount  of  the  tin  at  the  same  time,  care  must  be 
taken  to  lose  none  of  the  glass,  which  contains  all  the  tin,  because 
the  tin  must  be  reduced  from  it. 

When  the  percentage  of  tin  only  is  to  be  determined  with  the 
blowpipe  in  an  alloy  consisting  of  tin  and  copper,  the  tin  must  first 
be  oxidized,  according  to  the  method  described  on  p.  448,  and  in  this 
state  carefully  separated  from  the  copper  by  means  of  a  glass  made 
up  of  soda,  borax,  and  silica.  The  glass  containing  the  tin  is  then 
pulverized,  mixed  with  about  fifty  milligr.  of  soda,  put  in  a  cylinder 
of  soda-paper,  and  fused  in  a  lined  clay  crucible,  as  in  the  ordinary 
tin  assay.  After  the  fusion  the  tin  generally  contains  a  trace  of 
copper,  because,  during  the  separation  of  the  two  metals,  a  very 
small  portion  of  the  oxide  of  copper  is  also  generally  taken  up  by 
the  glass.  The  resulting  tin  is-  then  weighed,  and  the  percentage 
calculated. 
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7.   THE   COBALT  AND   NICKEL  ASSAY. 

Among  the  minerals  containing  chiefly  cobalt  there  are  only  a 
few  free  from  nickel,  while,  on  the  other  hand,  the  minerals  and 
ores  rich  in  nickel,  as  well  as  many  furnace  products,  such  as  the 
various  speisses,  which  occur  as  intermediate  products,  partly  in  the 
manufacture  of  smalt,  and  partly  in  smelting  niccoliferous  and  cobal- 
tiferous  silver  ores,  contain  more  or  less  cobalt. 

There  will,  therefore,  be  few  cases  where  either  of  these  metals  is 
to  be  quantitatively  determined  alone  in  a  substance,  but  they  must 
generally  be  both  determined  at  once.  Since  the  method  to  be  fol- 
lowed is  the  same  for  the  assays  of  both  metals,  their  assays  will  be 
described  in  common,  as  well  as  the  methods  by  which  any  copper, 
lead,  or  bismuth  present  can  be  simultaneously  determined. 

Cobalt  and  nickel  being  difficult  to  fuse,  cannot  be  separated  from 
their  compounds  with  the  blowpipe  in  a  pure  metallic  state,  like 
silver,  gold,  lead,  etc. ;  but  both  can  be  determined  with  comparative 
ease  and  great  accuracy,  by  separating  them  in  combination  with 
arsenic.  The  method  rests  upon  the  fact,  stated  in  the  qualitative 
examination  for  iron  in  metallurgical  products,  p.  234,  et  seq. ;  that 
by  an  oxidizing  fusion,  with  borax  on  coal,  of  compounds  of  metallic 
arsenides  containing  cobalt  and  nickel,  the  arsenides  more  easily 
oxidized  than  arsenide  of  nickel  can  be  successively  slagged  off, 
according  to  their  oxidizability ;  so  that  from  a  substance  consisting 
of  arsenides  of  nickel,  cobalt,  iron,  and  after  separating  the  arsenide 
of  iron  and  any  excess  of  arsenic,  a  compound  of  the  arsenides  of 
nickel  and  cobalt  remains,  in  which  each  of  these  metals  is  combined 
with  a  definite  quantity  of  arsenic.  By  then  slagging  off  the  arsenide 
of  cobalt,  the  quantity  of  arsenide  of  nickel  can  be  determined,  and, 
consequently,  the  proportions  of  both  of  these  metals  can  be 
calculated. 

If  one  centner  of  such  a  substance,  containing  but  little  iron,  is 
fused  with  some  borax-glass  in  a  shalloAv  cavity  on  coal,  with  a 
powerful  E.  F.,  or  within  the  blue  flame,  until  the  compound  assumes 
a  rotary  motion,  and  then  the  0.  F.  is  directed  immediately  upon  the 
fused  bead  of  borax,  the  arsenide  of  iron  oxidizes  first,  and,  when  a 
suitable  and  not  too  high  temperature  is  employed,  covers  the  free 
surface  of  the  metallic  compound  with  a  thin  crust  of  basic  arsenate 
of  iron;  this  is  carried  into  the  borax-glass  through  the  motion  of 
the  metal,  and  is  immediately  dissolved,  while  part  of  the  arsenic 
combined  with  the  iron  and  other  metals  volatilizes,  as  can  be  per- 
ceived from  the  odor  of  the  fumes.    If  the  blast  is  stopped  when  the 
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surface  of  the  metallic  compound  becomes  bright,  and  is  no  longer 
covered  with  a  crust  of  oxide,  while  arsenic  fumes  still  arise,  and  the 
solidified  button  is  removed  from  the  still  soft  slag,  the  latter  will 
have  a  black  color,  and  a  little  of  it  fused  with  borax  on  platinum 
wire  in  the  0.  F.,  reacts  only  for  iron;  the  button,  however,  has 
become  coated  with  an  almost  black  crust  of  oxide  while  cooling. 
If  much  arsenide  of  iron  is  present,  one  fusion  with  borax  will  not 
suffice  to  separate  it,  and  it  is  thei  necessary  to  treat  the  button 
with  fresh  borax,  until  it  becomes  bright  and  begins  to  give  oif 
arsenic  fumes;  after  each  fusion  the  solidified  button  is  removed 
from  the  saturated  borax-glass  and  thrown  into  water,  so  that  the 
still  adherent  slag  may  crack  off  and  be  easily  separated  by  rubbing 
between  the  fingers  or  in  paper.  When  this  button,  freed  from  slag, 
is  kept  in  fusion  in  a  shallow  cavity  on  coal,  with  a  feeble  E.  F.,  so 
as  to  remain  fluid  and  with  a  bright  surface,  until  the  fumes  of  the 
arsenic  cease  to  rise,  a  constant  compound  results,  consisting  of 
arsenides  of  nickels  (Ni*  As  =  39.27  As  and  60.73  M),  and  arsenide 
of  cobalt*  (Co*  As  =  38.46  As  and  61.54  Co).  By  further  fusing 
the  button  with  borax,  just  as  in  separating  the  arsenide  of  iron,  the 
arsenide  of  cobalt  is  oxidized  to  basic  arsenate  of  cobalt,  and  dissolved 
in  the  borax,  while  only  a  slight  arsenic  odor  can  be  perceived  if  the 
excess  of  arsenic  had  been  fully  removed.  Upon  employing  the 
same  heat  as  M'as  used  in  oxidizing  the  iron,  the  surface  of  the  button 
appears  bright,  but  if  the  temperature  sinks  somewhat,  a  film  appears 
occasionally,  which  passes  quickly  away ;  the  blast  being  interrupted, 
the  borax-glass  shows  a  smalt  blue  color  when  pinched  out  and  drawn 
into  threads.  The  separation  of  the  cobalt  is  much  slower  than  that 
of  the  iron,  and  until  it  is  all  gone  the  solidified  button  is  always 
covered  with  a  black  crust  of  oxide,  as  after  the  separation  of  the 
iron.  The  brightening  of  the  button  continues,  however,  on  adding 
fresh  borax  and  using  a  proper  heat,  so  long  as  the  arsenide  of  cobalt 
is  present ;  but  when  all  of  the  cobalt  is  separated,  and  the  arsenide 
of  nickel  begins  to  oxidize,  a  film  of  basic  arsenate  of  nickel  forms, 
which  moves  slowly  about  on  the  surface,  and  is  finally  dissolved  by 
the  borax,  and  this  lasts  as  long  as  the  oxidizing  process  is  continued, 
and  the  borax-glass  can  take  up  the  arsenate.  To  observe  this 
exactly,  however,  it  is  necessary  to  know  the  proper  temperature ; 
when  the  heat  is  too  strong,  stronger  than  in  the  oxidation  of  the 
cobalt,  even  pure  arsenide  of  nickel  may  easily  show  a  bright  surface 

*  The  German   terras  viertd-arsennickd    and  viertel-arsenkobalt    may    be    rendered 
tetrarsenide  of  nickel  and  tetrarsenide  of  cobalt. 
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wlien  fluid.  If  tlie  blast  is  stopped  so  soon  as  the  phenomenon  abore 
described  can  be  distinctly  perceived,  and  a  part  of  the  glass  immedi- 
ately pinched  out  and  slowly  raised,  remaining  still  connected  with 
the  main  portion,  it  appears  generally  rather  violet  than  blue  against 
the  daylight,  provided  it  is  not  too  strongly  colored  with  cobalt.  If 
all  the  cobalt  had  been  separated  before,  the  glass  would  only  appear 
pale  brown,  but  this  brown  with  the  blue  of  the  cobalt  causes  the 
violet  color.  On  the  surface  of  the  remaining  arsenide  of  nickel, 
beside  the  purple  glass,  is  seen  an  apple-green  tilm  of  basic  arsenate 
of  nickel,  which  also  indicates  that  only  Ni*  As  remains.  The  Co*  As 
is  completely  slagged  off,  while  the  Ni*  As  retains  none  of  the 
arsenic  from  it,  and  therefore  both  metals  can  be  quantitatively 
determined  in  their  compounds.  The  loss  of  nickel  is  only  unim- 
,portaut  Avith  proper  care.  Even  in  cases  where  much  nickel  is 
present,  the  whole  surface  of  the  button  must  be  covered  with  the 
apple-green  film,  and  the  borax  appear  slightly  colored  with  oxide  of 
nickel,  in  order  that  the  loss  shall  amount  to  0,5  milligr. 

The  nickel  is  not  so  easily  determined  in  compounds  containing 
copper,  which  is  generally  combined  with  sulphur  and  remains  with 
the  arsenide  of  nickel,  while  the  other  ingredients  usually  occurrmg 
with  arsenide  of  cobalt  and  nickel  can  be  separated  before  determin- 
ing those  metals.  Such  a  compound  is  the  speiss  which  separates 
as  a  special  product  in  smelting  argentiferous  lead  ores,  when  silver 
ores  containing  nickel,  cobalt,  and  copper  are  smelted  with  them.  It 
consists,  p.  231,  chiefly  of  arsenides  of  iron,  nickel,  and  cobalt  in 
varying  proportions,  mingled  or  combined  with  more  or  less  of  the 
sulphides  of  copper,  lead,  iron,  etc.  To  assay  such  a  substance  for 
cobalt,  nickel,  and  copper,  the  copper  must  likewise  be  combined 
with  arsenic,  and  any  lead  or  bismuth  separated  by  means  of  iron. 
The  arsenides  of  iron,  cobalt,  and  nickel  can  then  be  successively 
separated  from  the  copper  by  an  oxidizing  fusion  with  borax,  and 
under  certain  conditions  with  considerable  precision. 

The  arsenide  of  copper  is  transformed  into  Cu'  As  =  28.31  As  and 
71.69  Cu,  while  the  arsenides  of  cobalt  and  nickel  pass  into  the 
tetrarsenides.  While  separating  the  more  easily  oxidizable  arsenides 
of  cobalt  and  nickel  with  borax,  the  proportion  of  the  arsenic  to  the 
copper  remains  constant  only  so  long  as  the  arsenide  of  copper  is 
combined  with  at  least  an  equal  amount  of  arsenide  of  nickel.  Aa 
soon  as  more  of  the  arsenide  of  nickel  is  slagged  off  some  arsenic 
volatilizes  from  the  copper,  and  it  is  impossible  to  determine  the 
amount  of  pure  copper  from  the  weight  of  the  remaining  arsenide 
of  copper,  or  to  calculate  the  amount  of  the  arsenide  of  nickel  slag- 
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ged  off.  A  very  satisfactory  result  is,  however,  obtained  if,  after 
separating  the  arsenide  of  cobalt  and  determining  the  -cobalt,  there 
is  added  to  the  compound  of  Ni*  As  and  Cu'  As,  in  which  the 
amount  of  copper  must  not  exceed  that  of  the  nickel,  a  gold  button 
sixty  to  one  hundred  milligr.  in  weight,  according  to  the  amount  of 
copper.  The  slagging  of  the  arsenide  of  nickel  is  then  continued, 
nnttl  all  the  arsenide  of  nickel  and  the  arsenic  combined  with  the 
copper  are  completely  removed,  and  the  alloy  of  gold  and  copper  showa 
a  bright  surface,  with  the  bluish-green  color  peculiar  to  melting  gold, 
as  well  as  copper,  while  the  button  remains  bright  on  cooling. 

As  arsenide  of  nickel  is  slagged  off  very  slowly  with  borax,  salt  of 
phosphorus  is  best  employed,  and  the  process  performed  just  as  in 
the  separation  of  the  arsenide  of  cobalt  from  arsenide  of  nickel.  The 
outer  flame  is  directed  immediately  upon  the  glass,  with  only  a  feeble 
blast,  and  the  air  is  allowed  to  have  access  to  the  button;  the 
arsenide  of  nickel  is  gradually  converted  into  basic  arsenate  and  dis- 
solves in  the  glass,  which  it  colors  pure  yellow.  When  the  first  por- 
tion of  salt  of  phosphorus  is  saturated  the  button  is  taken  out, 
cooled  in  water,  freed  from  slag,  and  treated  with  a  fresh  portion, 
uiitil  its  surface  ceases  to  be  covered  with  a  film  of  oxide  and  begins 
to  show  the  bluish-green  color;  the  last  portions  of  arsenide  of 
nickel  are  then  preferably  separated  by  means  of  borax,  in  order  to 
prevent  any  slagging  of  the  copper,  while  at  the  same  time  the  still 
remaining  arsenic  is  volatilized.  If  the  cupriferous  gold  button 
shoAvs  a  clean,  metallic,  lustrous  surface,  and  can  be  beaten  out  when 
cold  without  cracking,  it  is  weighed,  and  the  copper  determined  from 
the  increase  in  weight. 

To  determine  the  nickel,  the  amount  of  arsenic  belonging  to  the 
copper,  which  was  combined  as  Cu'  As  with  the  Ni*  As,  must  be  cal- 
culated, and  also  the  amount  of  Ni*  As  remaining  after  deducting 
the  arsenide  of  copper.  From  this  the  amount  of  nickel  can  be 
easily  calculated,  as  shown  in  the  example  given  below. 

For  the  sake  of  brevity  in  calculating  the  amounts  of  the  metals 
from  the  weighed  arsenides,  their  composition  is  taken  as  follows : 

Co*  As 61.5  v  cobalt, 

Ni*  As 60.7  7o  nickel, 

Cu"  As 71.7  Vo  copper. 

A  proof  that  nickel  and  cobalt,  treated  as  described,  form  constant  compounds  with 
arsenic,  in  which  4  atoms  Co  or  Ni  are  combined  with  1  atom  As,  is  obtained  by 
treating  the  purest  skutterudite  for  the  cobalt  and  pure  niccolite  (copper  nichd)  for  the 
nickel. 

Skutterudite  (Co*  As')  contains  78.95  As  and  21.05  Co,  with  perhaps  2Vo  Co 


THE   COBALT  AND  NICKEL  ASSAY.  47? 

replaced  by  Ni  and  Fe.  One  ctr.  of  this  mineral,  powdered  and  mixed  with  about  50 
milligr.  soda  and  15  milligr.  borax-glass,  is  treated  in  a  soda-paper  cylinder  on  coal 
with  the  R.  F.,  iintil  all  the  metallic  parts  have  united  to  a  button,  when  the  trifling 
amount  of  iron  goes  into  the  flux  and  most  of  the  arsenic  volatilizes.  Any  sulphur 
present  goes  into  the  flux,  causing  it  mostly  to  sink  into  the  coal.  The  button  is 
removed  from  the  coal,  freed  from  slag,  and  fused  on  another  coal,  in  a  not  too  shallow 
cavity,  with  the  R.  F.,  until  no  more  arsenic  volatilizes.  There  remains  a  compound 
weighing  about  33  milligr  Too  strong  a  flame  may  cause  mechanical  loss  thi'ough 
sputtering ;  the  flame  should  be  just  sufficient  to  keep  the  button  fluid  and  bright. 

The  remaining  compound  of  arsenic  and  cobalt  gives  the  clearest  proof  that,  of  the 
78.95  milligr.  of  arsenic  present,  21  parts  =  65.8  milligr.,  have  been  volatilized,  and  only 
i  part  =  13.16  milligr.,  remain  with  the  cobalt  and  the  little  nickel,  in  a  combination  of 

1  atom  =  38.46  As,  with 
4  atoms  =  61.54  Co. 

Disregarding  the  nickel,  the  remaining  button  would  contain— 

100  :  61.54  :  :  33  :  20.3  milligr.  cobalt; 

a  result  nearly  corresponding  with  the  composition  of  pure  skutterudite  as  given  above. 

By  treating  this  button  with  borax  on  coal  in  a  feeble  0.  F.,  adding  fresh  portions  of 

borax  until  it  was  a  little  colored  with  nickel,  and  then  weighing  the  remaining  button, 

the  amount  of  Co'*  As  would  be  found  by  the  loss  in  weight.    Suppose  that  2.5  milligr. 

Ni*  As  remain  after  this  ti'eatment,  then  33  —  2.5  =  30.5  milligr.  Co*  As  have  been 

61.5  X  30.5 
separated,  containing   r^ ■  =  18.7  milligr.  (or  p.  c.)  Co. 

.  .                                                         60.7  X  2.5 
To  calculate  the  nickel  in  the  remammg  2.5  milligr.  Ni*  As,  we  have 77^ — 

=  1.5  milligr.  nickel. 

Pure  niccolite  consists  of 

1  atom    =  56.4  As, 

2  atoms  =  43.6  Ni, 

Generally,  there  is  about  1  p.  c.  of  foreign  bodies,  as  Co,  Fe,  Pb,  Bi,  and  S.  On 
treating  1  ctr.  with  50  milligr.  borax-glass,  first  with  the  R.  F.,  and  then  with  the  0.  F., 
until  the  arsenide  of  nickel  begins  to  oxidize,  then  stopping  the  blast  immediately, 
freeing  the  button  fi'om  slag,  and  fusing  it  alone  on  coal  with  a  moderate  R.  F.,  until 
the  arsenic  fumes  cease,  a  button  weighing  only  about  71  milligr.  results,  and  it  has 
therefore  lost  about  29  Vo.  The  chief  loss  is  caused  by  the  nickel  yielding  half  of  its 
arsenic.  Since  niccolite  contains  56.4  Vo  As,  about  28  parts  volatilize  and  the  rest 
remains  with  the  nickel  as  Ni*  As,  a  constant  compound  consisting  of — 

1  atom   =  39.27  As, 
4  atoms  =  60.73  Ni. 

Remembering  that  the  niccolite  generally  contains  a  few  foreign  ingredients,  and  there- 
fore lost  by  the  previous  treatment  29  p.  c.  of  its  weight,  we  find  this  loss  to  consist  of — 

27.4  =  As  combined  with  the  nickel, 
•  0.6  =  As  combined  with  cobalt  and  iron, 
1.0  =  Co,  Fe,  Pb,  Bi,  and  S. 


29.0 
The  remaining  71  %  of  arsenide  of  nickel  must  then  correspond  nearly  to  the  compo- 
sition Ni*  As.     Pure  niccolite  contains  43.6  p.  c.  Ni,  and  therefore,  disregarding  tho 
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trifling  impurities,  there  is  in  the  remaining  71  p.  c.  arsenide  of  nickel  71—  43.6  =  27.4 
p.  c.  As,  and  the  following  ratios  result : 

71  :  27.4  : :  100  :  38.6  As, 
71  :43.6  ::  100  :  61.4  Ni. 

These  correspond  nearly  with  the  composition  of  pure  Ni*  As,  making  allowance  for 
the  impurities  and  the  trifling  loss  of  nickel  in  the  borax. 

CLASSIFICATION"   OF  THE  COBALTIFEROUS   AND   NICCOLIFEROUS    SUB- 
STANCES  ACCORDING   TO   THEIR   CHEMICAL   CHARACTERS. 

The  substances  to  be  assayed  for  cobalt,  nickel,  and  in  many  cases 
also  copper,  lead,  or  bismuth,  may  be  classified,  with  respect  to  the 
methods  to  be  pursued,  as  follows: 

A.  Those  containing  cobalt  and  nickel  in  the  metallic  state  com- 
bined with  arsenic,  frequently  mixed  with  other  arsenides,  and  some- 
times with  trifling  quantities  of  metallic  sulphides,  but  free  from 
copper. 

jB.  Those  containing  cobalt  and  nickel,  with  perhaps  other  metals, 
partly  combined  with  arsenic  and  partly  with  sulphur,  or  else  with 
sulphur  alone,  but  containing  an  admixture  of  more  or  less  metallic 
sulphides,  or  earthy  constituents. 

C.  Those  in  which  cobalt  and  nickel  in  the  oxidized  state,  com- 
bined with  arsenic  or  other  acids,  or  with  other  metallic  oxides, 
and  sometimes  also  water,  form  a  prevailing,  or  only  an  accessory 
ingredient. 

D.  Such  as  consist  chiefly  of  oxides  of  cobalt  and  nickel  alone. 
JE.  Those  consisting  of  alloys,  or  metallic  sulphides  and  arsenides 

in  which  more  copper  than  nickel  is  present. 

A.  Assay  for  Cobalt,  Nickel,  and,  if  necessary,  Bismuth,  in  Minerals,  Ores, 
and  Products,  which  contain  the  Cobalt  and  Nickel  in  the  metallic 
state  combined  with  Arsenic,  and  are  frequently  mixed  with  other 
metallic  arsenides,  and  also  sometimes  -with,  very  trifling  quantities 
of  metallic  sulphides,  but  are  free  from  Copper. 

Here  belong,  among  minerals,  the  compounds  of  cobalt  and  nickel 
with  arsenic,  mentioned  on  pp.  236  and  242 ;  among  metallurgical 
products,  the  cohaJi  speiss  from  the. smalt  works  and  the  nickel 
speiss  obtained  directly  by  smelting  cobaltiferous  nickel  ores  or  nic- 
coliferous  cobalt  ores. 

"With  substances  containing  no  bismuth,  or  where  it  is  not  neces- 
sary to  determine  the  trifling  amount  of  it  present,  the  first  opera- 
tion of  fusing  the  assay  with  a  suitable  flux  can  be  performed  in 
two  ways:  either  in  a  coal  crucible,  as  in  the  silver  assay,  or  in  an 
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unlined  clay  crucible,  as  in  the  lead  and  bismuth  assays.  By  the 
latter  method  the  mechanical  loss  attendant  on  mixing,  wrapping 
up,  and  fusing  the  assay  is  entirely  avoided,  and  with  cobaltiferous 
substances  containing  little  or  no  iron  there  cannot  well  be  any 
oxidation  of  the  cobalt  during  the  fusion,  while  the  presence  of 
earthy  constituents  also  does  no  harm ;  on  the  other  hand,  it  cannot 
be  used  when  arsenide  of  cobalt  prevails  in  the  assay,  on  account  of 
the  difficult  fusibility  of  this  compound. 

The  fusion  on  coal  or  in  a  coal  crucible  is  performed  on  one  ctr. 
of  the  substance,  which  is  mixed  in  the  agate  mortar  with — 

50  milligr.  soda,  and 
15       "       borax-glass, 

transferred  to  a  soda-paper  cylinder  and  then  treated  with  a  pure, 
moderate  E.  F.,  until  the  flux  has  become  a  slag  and  the  metallic 
particles  have  united  to  a  button. 

The  soda  not  only  forms  an  easily-fusible  slag  with  the  borax, 
furthering  the  rapid  union  of  the  metallic  parts  and  the  separation 
of  any  sulphur,  while  it  takes  up  some  iron  as  protoxide,  but  it  also 
prevents  the  easy  oxidation  of  the  cobalt  Avhen  a  pure  E.  F.  is  used. 
The  resulting  metallic  button  is  freed  from  slag  by  cooling  it  in 
water,  and  then  all  iron  must  be  removed  from  it  before  the  Co*  As 
and  Ni*  As  can  be  formed.  The  button  is  therefore  fused  in  a 
cavity  on  coal  with  a  moderate  E.  F.,  when,  if  no  iron  is  present,  it 
speedily  shows  a  bright  surface  and  assumes  a  rotary  motion.  In 
this  case  it  is  kept  fused  until  the  fumes  of  arsenic  cease,  when  the 
blast  is  stopped  and  the  button  w^eighed ;  the  weight  gives  the  sum 
of  the  (Co  Ni)*  As.  During  the  operation,  by  which  any  trifling 
admixture  of  bismuth  is  also  volatilized,  the  blast  must  be  just 
strong  enough  to  keep  the  button  fluid  and  bright,  since  it  may 
easily  spit  with  too  high  a  heat.  If  the  button  contains  iron  it  does 
not  show  a  bright  surface,  but  is  quickly  covered  with  a  film  of 
oxide,  when  borax-glass  must  be  added  and  the  usually  trifling 
amount  of  iron  slagged  ofi",  according  to  p.  475,  until  the  button 
shows  a  perfectly  bright  surface.  A  little  cobalt  is  unavoidably  lost 
by  slagging  with  the  last  portions  of  the  iron  ;  but  the  iron  must  be 
completely  removed,  or  it  is  impossible  to  volatilize  entirely  the 
excess  of  arsenic ;  the  button  is  then  heated  alone,  as  above  men- 
tioned, and  the  (Co  Ni)*  As  weighed. 

The  cobalt  is  next  slagged  ofi",  according  to  p.  476,  until  finally 
Ni*  As  alone  remains.  This  compound  is  weighed  and  the  amount 
of  Co*  As  obtained  by  difference,  according  to  the  example  on  p.  479. 
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When  experience  is  wanting  in  regard  to  the  proper  temperature 
and  the  various  phenomena  of  this  assay,  the  resulting  button  may 
be  again  fused  with  a  little  borax  on  coal  for  a  short  time,  and  the 
melted  glass  examined,  to  see  whether  it  is  colored  brownish  by 
oxide  of  nickel,  or  violet  from  a  mixture  of  some  cobalt  remaining 
or  only  blue  from  oxide  of  cobalt.  In  the  latter  case  the  button 
must  be  again  weighed  and  the  amounts  of  cobalt  and  nickel  reck- 
oned anew,  provided  that  all  cobalt  is  now  really  separated. 

When  treating  smaltite  or  cobalt  speiss,  Avhich  often  contain  so 
much  arsenide  of  cobalt,  that  one  fusion  is  not  sufficient,  the  blast 
must  be  stopped  when  the  borax-glass  appears  to  be  saturated  in  the 
first  fusion,  freed  from  the  slag  in  water,  and  treated  with  fresh 
borax-glass,  until  all  cobalt  is  removed,  or  the  glass  is  again  satu- 
rated. In  the  former  case,  that  is,  when  apple-green  spots  appear 
on  the  surface  of  the  solidified  button,  the  slag  is  removed  and  the 
button  weighed;  in  the  other  case,  the  cooled  button  is  covered  on 
the  surface  with  a  gray  or  dirty -yellow  film  of  oxide,  and  the  fusion 
must  be  repeated  with  a  third  and  not  too  large  portion  of  borax- 
glass,  the  operation  being  continued  with  fresh,  but  constantly 
decreasing  portions  of  borax-glass,  until  all  of  the  arsenide  of  cobalt 
is  removed. 

If  the  borax-glass,  after  saturation,  were  further  treated  with  the 
blue  flame,  the  arsenide  of  cobalt  in  the  button  would  indeed  grad- 
ually oxidize,  but  portions  of  it  would  be  reduced  again  from  the 
glass  by  the  reducing  action  of  the  glowing  coal,  and  the  oxidizing 
process  would  only  be  prolonged.  It  is  therefore  better  to  remove 
the  last  of  the  cobalt  with  fresh  borax-glass. 

If  the  assay  contains  a  notable  amount  of  silver,  this  must  be 
determined  and  deducted  from  the  arsenide  of  nickel  as  sulphide  of 
silver,  in  which  state  it  occurs  in  the  arsenide,  before  the  nickel  can 
be  calculated.  For  this  purpose  the  button  is  fused  with  enough 
test  lead  and  some  borax -glass  on  coal,  and  then  cupelled  according 
to  p.  417,  et  seq.  The  resulting  silver  is  reckoned  as  sulphide  of 
silver,  100  parts  of  Ag  yielding  115  parts  Ag  S. 

When  the  substance  is  to  be  fused  in  a  clav  crucible  instead  of  a 
coal  crucible,  the  Aveighed  amount  is  placed  in  it  and  freed  from  the 
excess  of  arsenic,  if  considerable,  by  gentle  ignition,  according  to  p. 
459,  until  no  more  fumes  are  observed.  To  the  mass,  which  is  gen- 
erally sintered  together,  three  hundred  milligr.  of  the  fluxing  and 
reducing  agent  are  added,  without  mixing  it  with  the  substance, 
and  then  a  cover  of  three  spoonfuls  of  salt,  as  in  the  lead  and  bis- 
.muth  assays.     The  fusion  is  conducted  just  as  in  those  assays,  and 
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yields  a  perfectly  fluid  slag,  through  which  may  be  seen  the  button 
of  metallic  arsenides  at  the  bottom,  when  the  coal  cover  is  removed. 
After  breaking  open  the  cold  crucible,  the  button  is  treated  on  coal, 
according  to  p.  481.  when  the  presence  or  absence  of  iron  is  at  once 
ascertained,  and  the  assay  completed  as  there  directed. 

To  determine  bismuth  at  the  same  time,  the  substance,  freed  from 
excess  of  arsenic,  is  fused  in  the  clay  crucible  with  the  flux  and 
reducing  agent,  and  an  addition  of  iron  and  silver,  as  directed  for 
the  quantitative  bismuth  assay,  p.  459.  The  combination  of  arsen- 
ides of  iron,  cobalt,  and  nickel,  which  has  been  more  or  less  broken 
up  in  separating  the  bismuthiferous  silver,  either  between  paper  on 
the  anvil,  or  in  the  steel  mortar,  is  fused  on  coal,  or  in  a  coal  cruci- 
ble, in  the  E.  F.,  with  soda  and  borax-glass,  to  a  button,  which  is 
treated  as  before.  The  amount  of  iron  being  increased  by  the  ad- 
dition of  the  metallic  iron,  two  or  more  portions  of  borax-glass  are 
sometimes  necessary  to  remove  all  the  arsenide  of  iron  from  the 
arsenides  of  cobalt  and  nickel. 

To  show  how  accurately  cobalt,  nickel,  and  bismuth  may  be  determined  in  a  sub- 
stance consisting  mainly  of  metallic  arsenides  with  an  admixture  of  native  bismuth,  the 
following  example  is  given  : 

100  milligr.  cloanthite  (  Weissnickdkies)  from  Schneeberg,  pure  and  free  from  bis- 
muth, was  powdered  and  mixed  in  a  clay  crucible,  with 
15       "  metallic  bismuth,  also  powdered, 

and  the  excess  of  arsenic  removed,  according  to  p.  459. 
To  the  nearly-fused  mass  were  added — 

30  milligr.  iron  in  one  piece, 
102       "        silver, 

300      "        fluxing  and  reducing  agent, 
3  spoonfuls  salt,  as  a  cover. 

The  fusion  yielded  a  button  which  showed  on  its  surface  a  sharply-defined  line,  and 
could  be  so  easily  separated,  that  the  bismuthiferous  silver  was  obtained  almost  pure. 
It  was  carefully  melted  with  borax,  according  to  p.  460.  freed  from  slag,  and  found  to 
weigh  117  milligr.,  and  therefore  contained  117  —  102  =  15  milligr.  bismuth 

The  metallic  arsenides  and  the  little  slag  from  the  bismuthiferous  silver  button  were 
fused  with  a  small  amount  of  soda  in  a  coal  crucible,  the  resulting  button  freed  from 
arsenide  of  iron,  as  before  directed,  the  excess  of  arsenic  volatilized,  and  the  button 
weighed.  It  weighed  46  milligr.  Some  of  the  nickel  in  cloanthite  is  generally  replaced 
by  cobalt,  and  the  button  was  therefore  treated  with  borax-glass,  according  to  p.  476. 
bv  which  4  milligr.  Co*  As  were  removed.     The  button  therefore  consisted  of — 


"o' 


46  -  4  r=  42  milligr.  Ni*  As,  with  ^'^'^  ^  ^~  =  25.5  milligr.  Ni, 

100  " 

61.5  X  4 
And  4      "       Co*  As,  with      ^^^     =     2.3      "       Co ; 

being  about  28  milligr.  nickel  and  cobalt  together,  which  corresponds  with  the  com- 
position of  cloanthite. 
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B.  Assay  for  Cobalt  and  Nickel,  and,  if  required^  for  Lead,  Bismuth,  or 
Copper  at  the  same  time,  in  Minerals,  Ores,  and  Products  containing 
Cobalt  and  Nickel,  with  perhaps  other  metals,  combined  partly  with 
Arsenic  and  partly  with  Sulphur,  or  entirely  with  Sulphur,  and  con- 
taining at  the  same  time  a  greater  or  less  admixture  of  other  metallic 
sulphides  or  earthy  matters. 

In  this  class  are  included,  among  minerals :  colaltite,  glaucodot, 
danaite,  cohaltic  arsenopyrite,  gersdorffite,  amoihite,  sycpoorite,  lin- 
naeite,  millerite,  grunauite,  and  pentlandite ;  further,  all  cobalt  and 
nickel  ores  dressed  on  the  large  scale,  generally  mixed  with  earthy 
gangues  and  containing  frequently  mispickel  or  iron  pyrites,  and 
more  rarely  copper  pyrites ;  among  metallurgical  products :  lead 
speisses,  which  contain,  besides  arsenides  of  cobalt  and  nickel,  much 
arsenide  of  iron  and  several  metallic  sulphides;  also  niccolifer'ous  and 
ooialtiferous  lead  matt   and  Rohstein. 

Dressed  ores  containing  arsenides  of  iron,  cobalt,  and  nickel,  with 
only  a  greater  or  less  amount  of  earthy  ingredients,  can  be  fused 
immediately  in  a  clay  crucible,  according  to  p.  480 ;  if,  however,  they 
are  not  free  from  an  admixture  of  pyrites  and  mispickel,  as  well  as 
sulphides  of  antimony,  bismuth,  and  lead,  which  can  be  ascertained 
by  a  simple  test  on  coal,  they  must,  like  the  other  sulphur  compounds 
above  named,  be  completely  roasted  on  a  clay  capsule,  according  to 
p.  436  ;  at  first  alone,  but  afterward,  when  they  cease  to  evolve  any 
odor,  with  fifty  to  sixty  milligr,  of  carbonate  of  ammonia,  which  is 
triturated  in  the  mortar  with  the  roasted  assay.  The  resulting  oxide 
must  be  converted  into  arsenides  by  a  large  addition  of  metallic 
arsenic,  which  can  be  done  in  a  clay  crucible,  or  in  a  tube  closed  at 
one  end. 

When  the  conversion  of  the  metallic  oxides  into  metallic  arsenides, 
or  the  ^'  arsenicizing"  can  be  done  outside  of  the  laboratory  it  is 
performed  as  follows :  the  roasted  powder  is  mixed  in  the  agate  mor- 
tar with  one  hundred  milligr.  of  pulverized  metallic  arsenic*  and 
poured  into  the  clay  crucible,  which  is  also  to  be  used  for  the  subse- 
quent fusion.  This  is  set  on  an  iron  wire  ring  in  a  square  coal  fixed 
in  the  coal-holder,  as  described  for  the  fusion  of  the  lead  assay, 
p.  451;  the  crucible  is  then  covered  with  a  clay  capsule  and  the 
whole  with  a  perforated  coal  cover.  The  coal-holder  is  kept  at  some 
distance  from  the  lamp  and  the  hot  products  of  combustion  directed 
into  the  interior  of  the  coal,  when  the  crucible  becomes  so  stronglj^ 

.    *  A  less  quantity  is  not  admissible,  as  the  desired  result  might  not  then  be  attained 
owing  to  the  volatility  of  the  arsenic. 
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heated  that  the  arsenic  begins  to  sublime  and  exerts  a  reducing  action 
on  the  free  metallic  oxides  and  basic  arsenates,  forming  arsenous  acid 
and  suboxide  of  arsenic,  and  at  the  same  time  changing  into  arsen- 
ides those  metals  which  have  a  tendency  to  combine  with  it.  The 
crucible  is  heated  to  low  redness,  so  as  to  yolatilize  the  excess  of 
arsenic,  as  far  as  this  is  possible  without  access  of  air,  and  to  sinter, 
or,  under  certain  circumstances,  fuse  together,  the  metallic  arsenides 
formed.  When  the  excess  of  arsenic  is  expelled  the  iron  wire  with 
the  covered  crucible  is  removed  from  the  coal,  as  in  the  case  of  the 
melted  lead  assay,  and  placed  on  a  stand  to  cool,  with  the  cover  still  on. 

When  the  arsenicizing  must  be  performed  in  the  laboratory  the 
mixture  of  ore,  etc.,  with  metallic  arsenic  is  placed  in  the  mixing 
capsule  and  thence  transferred  to  a  perfectly  dry  glass  tube,  closed 
at  one  end,  and  gradually  heated  to  glowing  over  the  spirit-lamp. 
As  before,  the  oxides  and  arsenates  are  converted  into  arsenides, 
while  the  excess  of  arsenic  sublimes  and  condenses  in  the  cool  part 
of  the  tube.  When  cold  the  tube  is  cut  with  a  file  close  under  the 
sublimate,  broken  off,  and  the  metallic  arsenides,  which  generally 
form  a  dark,  yelloAvish -gray  powder,  poured  into  the  clay  crucible 
destined  for  the  fusion,  while  the  tube  is  cleaned  into  it  with  the 
spatula  and  brush  and  the  assay  charged  as  will  be  directed  below. 

By  either  process  the  arsenicizing  yields  metallic  arsenides  con- 
sisting, in  presence  of  protoxides  of  nickel  and  cobalt,  sesquioxide 
of  iron,  and  oxides  of  coi^per,  lead,  and  bismuth  of  Co*  As,  Ni"  As, 
Cu*  As,  and  compounds  of  lead  or  bismuth  with  indefinite  proportions 
of  arsenic ;  the  sesquioxide  of  iron  is  chiefly  converted  into  Fe*  As 
and  partly  into  pro  to- sesquioxide,  while  sulphate  of  lead  is  changed 
to  sulphide.  Any  oxide  of  zinc  remains  unchanged,  but  is  reduced 
by  the  subsequent  fusion  of  the  assay  and  volatilized  during  the  treat- 
ment of  the  metallic  arsenides  on  coal.  If  the  roasted  assay  contained 
acids  of  antimony  they  are  reduced  and  changed  to  arsenides  of  anti- 
mony of  uncertain  composition ;  although  these  pass  into  the  button 
of  metallic  arsenides  formed  during  the  fusion,  they  are  volatilized 
while  treating  this  on  coal. 

One  centner  of  the  finely-pulverized  substance  to  be  assayed  hav- 
ing, if  it  contains  metallic  sulphides,  been  roasted  thoroughly  and  the 
free  oxides  and  basic  arsenates  thus  formed  converted  into  arsenides, 
the  question  arises,  whether  the  substance  contains  lead  or  bismuth? 
If  this  is  found  to  be  the  case  by  testing  a  little  of  the  raw  substance 
on  coal,  these  metals  can  be  separated  during  the  fusion  and  quanti- 
tatively determined.  It  is  only  necessary,  as  directed  in  the  bismuth 
assay,  p.  459,  to  add  to  the  arsenides  in  the  crucible  a  piece  of  iron  Avira 
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weighing  about  twenty  milligr.  and  an  exactly  weighed  amount  of 
silver,  from  fifty  to  one  hundred  milligr.,  so  that  an  alloy  of  bismuth 
or  lead  and  silver  is  obtained  during  the  fusion,  from  the  weight  of 
whic|i  the  amount  of  lead  or  bismuth  can  be  ascertained.  If  the 
substance  contains  none  of  these  metals,  or  only  an  unimportant 
amount,  which  can  be  volatilized  during  the  separation  of  the 
arsenide  of  iron  and  the  excess  of  arsenic  on  coal,  p.  481,  the  iron 
and  silver  are  omitted,  and  the  following  substances  at  ouce  added 
to  the  substance  already  in  the  crucible  : 

300  milligr.  fluxing  and  reducing  agent,  which  is  pressed 
down  somewhat  with  the  spoon, 
3  spoonfuls  of  salt  as  a  cover. 

The  fusion  is  conducted  as  in  the  lead  assay,  p.  455,  and  the  heat  must 
be  rather  strong  toward  the  end,  so  as  to  collect  the  arsenide  to  one 
button .  After  continuing  the  proper  temperature  for  five  or  six  minutes 
the  arsenides  collect  in  a  round  button  at  the  bottom,  while  the  earthy 
matters  and  the  oxides  which  do  not  separate  in  the  metallic  state 
are  completely  slagged  off".  If  iron  and  silver  had  been  added  to  sep- 
arate any  lead  or  bismuth,  the  iron  passes  into  the  metallic  arsenides, 
and  the  lead  or  bismuth  forms  an  alloy  with  the  silver,  which  joins 
with  the  arsenides  to  one  button,  but  only  forms  an  adherent  part  of 
it,  and  can  easily  be  mechanically  separated,  as  has  been  fully  de- 
scribed in  the  bismuth  assay,  p.  459. 

If  the  substance  contains  more  nickel  than  cobalt  the  metallic 
arsenides  unite  very  easily  to  a  button,  but  otherwise,  the  union  is 
more  difficult  in  proportion  as  the  cobalt  exceeds  the  nickel.  A 
combination  of  arsenides  of  iron  and  cobalt,  however,  also  fuses  easily, 
and  as  these  two  arsenides  can  be  separated  without  any  important 
loss  of  cobalt,  the  evil  mentioned  can  be  remedied  by  combining  the 
arsenide  of  cobalt  with  a  corresponding  amount  of  arsenide  of  iron. 
This  is  done  by  adding  to  the  raw,  or  the  roasted  and  arsenicized 
substance,  according  to  the  cobalt  present,  ten  to  twenty  milligr.  of 
iron,  in  case  none  had  been  added  to  separate  any  bismuth. 

When  the  substaijce  seems  very  poor  in  nickel  and  cobalt,  so  that 
it  would  be  difficult  to  obtain  a  perfectly  fused  button,  some  collect- 
ing agent  must  be  employed,  which  can  be  easily  slagged  off  from 
the  arsenides  of  cobalt  and  nickel.  Arsenide  of  iron  serves  here  also. 
Fifteen  to  twenty  milligr.  of  arsenide  of  iron,  formed  directly  in  a 
clay  crucible  from  iron  filings  and  metallic  arsenic,  are  added  to  the 
substance  to  be  fused,  or  when,  the  substance  is  arsenicized,  ten  to 
fifteen  milligr.  of  iron  filings  a/e  added  also,  in  order  that  the  neces- 
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Bary  amount  of  arsenide  of  iron  may  be  present  already.  The  filings 
can  be  omitted  when  the  roasted  substance  contains  much  oxide  of 
iron,  which  secures  the  formation  of  arsenide,  but  a  bit  of  iron  and 
the  necessary  amount  of  silver  must  always  be  added  when  the  lead 
or  bismuth  is  to  be  determined. 

When  the  fusion  has  been  successfully  accomplished,  i.  e.,  when  the 
slag  is  perfectly  fluid,  and  the  melted  button  can  be  seen  at  the  bot- 
tom, unless  tlie  slag  contains  too  much  protoxide  of  iron,  or  coal, 
which  finally  oxidizes  at  the  expense  of  the  carbonic  acid  of  the  alka- 
lies, the  crucible  is  set  aside  to  cool  on  its  stand;  otherwise  the  assay 
must  be  kept  at  a  melting  heat  for  some  time  longer.  When  cool  the 
crucible  is  broken,  and  the  button  carefully  separated  from  the  slag 
on  the  anvil. 

If  silver  has  been  added,  the  alloy  is  separated  from  the  metallic 
arsenides  between  paper,  or  in  the  steel  mortar,  freed  from  adherent 
slag  with  borax,  p.  461,  and  the  lead  or  bismuth  determined  by  the 
increase  m  weight.  The  arsenides  and  the  slag  last  removed  from 
the  alloy  are  fused  in  the  R.  F.  with  soda  and  the  metallic  arsenides 
separated,  as  given  on  p.  475.  The  substance  is  seldom  free  from 
nickel,  and  then  the  button  entirely  disappears  when  treated  with  fresh 
portions  of  borax-glass;  if  otherwise,  there  remains  a  button  which 
can  be  recognized  as  arsenide  of  nickel,  either  by  the  signs  given  on 
p.  476,  or  by  the  last  addition  of  borax,  even  when  it  only  weighs  one 
milligramme.  If  everything  dissolves  in  the  borax,  the  cobalt  is  to 
be  calculated  from  the  weight  last  noted  down,  according  to  p.  479  ; 
but  if  a  little  button  of  arsenide  of  nickel  remains,  it  must  be  weighed, 
and  the  cobalt  reckoned  from  the  difference. 

When  the  substance  also  contains  copper,  this  will  be  present  in 
the  a^-senical  compound,  which  is  then  separated  as  follows :  first,  the 
arsenide  of  ii'on  is  removed  Avith  borax,  according  to  p.  476;  any  zinc 
or  antimony  present  is  also  volatilized  at  the  same  time ;  the  excess 
of  arsenic,  with  any  remaining  antimony,  is  volatilized  next,  and  the 
arsenide  weighed,  after  which  the  cobalt  is  removed,  leaving  a  com- 
pound of  arsenides  of  nickel  and  copper,  which  is  fused  with  eighty 
to  one  hundred  milligr.  gold,  tlie  nickel  separated  with  salt  of  phos- 
phorus, according  to  p.  478,  and  the  cupriferous  gold  weighed,  after 
which  the  amounts  of  the  metals  can  be  found  from  the  results  of 
the  respective  weighings. 

The  wet  way,  although  more  complicated,  may  also  be  used  for 
determining  the  copper  and  nickel  after  removing  the  cobalt.  The 
button  is  dissolved  in  a  test-glass  with  a  mixture  of  about  three  parts 
dilute  sulphuric  acid  and  one  part  nitric  acid,  by  warming  it,  and 
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the  copper  and  arsenic  are  precipitated  with  sulphuretted  hydrogen  * 
The  sulphides  are  separated  by  filtration  from  the  solution  contain- 
ing all  tlie  nickel,  washed  with  sulphuretted  hydrogen  water,  and  the 
clear  solution  warmed  in  a  porcelain  yessel  over  the  spirit-lamp  until 
all  Ihe  sulphuretted  hydrogen  is  driven  off.  Some  sulphide  of  arsenic 
generally  separates,  which  must  be  removed  by  a  second  filtration, 
and  then  the  protoxide  of  nickel  is  precipitated  with  not  too  concen- 
trated a  solution  of  potassa.  The  precipitate  is  collected  and  washed 
with  hot  water  on  a  filter,  dried,  and  .ignited,  or  reduced  to  metallic 
nickel. 

In  the  former  case  the  precipitate  is  transferred  to  the  platinum 
capsule,  and  the  ashes  of  the  filter  added,  when  the  whole  is  strongly 
ignited  and  the  amount  of  nickel  deduced  from  the  weight  of  the 
protoxide,  after  subtracting  the  weight  of  the  filter  ash ;  100  parts  of 
Ni  contain  78.38  parts  Ni.  The  ash  given  by  the  filter  must  be 
previously  determined ;  the  protoxide  of  nickel  should  not  follow  the 
magnet. 

In  the  second  case  the  dry  precipitate  and  the  filter  ash  are  mixed 

with — 

50  milligr.  soda, 

25       "       borax-glass, 

and  a  weighed  gold  button,  and  treated  in  a  soda-paper  cylinder  on 
coal  with  the  R  F.,  until  all  the  nickel  is  reduced  and  combined  with 
the  gold ;  the  amount  of  nickel  is  ascertained  from  the  increase  in 
weight  of  the  gold  button. 

To  determine  the  copper,  the  washed  sulphides  are  dried  and 
gradually  heated  in  a  deep  porcelain  vessel,  p.  43,  Fig.  62,  over  the 
spirit-lamp,  so  strongly  that  all  the  sulphide  of  arsenic  volatilizes  and 
only  sulphide  of  copper  remains.  To  avoid  loss,  the  dry  precipitate 
is  first  transferred  to  the  vessel  and  then  the  filter  ash  added.  The 
heat  may  be  continued  until  most  of  the  sulphide  is  converted  into 
sulphate  of  copper,  and  when  the  odor  of  sulphurous  acid  ceases,  six  • 
to  eight  times  as  much  dry  bisulphate  of  potassa  is  added,  brought 
to  fusion,  and  kept  so  at  a  moderate  red  heat  until  all  the  copper  is 
dissolved.  It  is  well  to  cover  the  vessel  with  a  piece  of  platinum 
foil  during  this  operation.  The  cooled  mass  is  then  dissolved  by 
placing  the  vessel  with  its  contents  in  another  porcelain  vessel  half 
full  of  water  and  heating  it  well  over  the  lamp,  after  which  it  is 
filtered,  if  necessary,  the  solution  brought  to  boiling  heat,  and  the 

*  All  operations  where  this  gas  is  evolved  should  be  performed  without  the  labora- 
tory. 
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copper  precipitated  by  not  too  concentrated  a  solution  of  potassa.  It 
is  then  collected  on  a  filter,  well  washed  with  hot  water,  dried,  ignited, 
and  weighed  with  the  filter  ash.  After  deducting  the  ash  from  the 
weight  of  the  oxide  of  copper,  the  metallic  copper  can  be  easily 
ascertained  by  reckoning  79.8  parts  of  copper  for  every  100  parts  of 
the  oxide  obtained.  The  result  is  more  reliable  when  the  oxide  of 
copper  is  reduced  to  the  metallic  state  with  a  gold  button,  just  like 
the  nickel  above. 

When  one  of  the  substances  of  the  second  class  contains  a  notable 
amount  of  silver,  this  must  be  deducted,  either  as  sulphide  of  silver 
from  the  arsenide  of  nickel,  if  the  substance  was  fused  in  the  raw 
state  without  addition  of  iron  or  silver,  or  as  metallic  silver  from  the 
reduced  bismuth,  if  the  substance  was  roasted,  arsenicized,  and  fused 
with  iron  and  silver,  as  directed  in  the  bismuth  assay,  p.  460.  . 

Example. — A  lead  speiss  from  the  Freiberg  Smelting  Works,  enriched  by  concentra- 
tion for  nickel  and  cobalt,  but  still  very  impure,  was  found  by  qualitative  tests,  p.  392, 
to  consist  of  arsenides  of  iron,  nickel,  and  cobalt,  and  sulphide  of  copper,  lead,  zinc, 
and  antimony ;  the  trifling  amount  of  silver  was  neglected.  One  ctr.  being  roasted, 
arsenicized,  and  fused  with  the  flux  and  the  addition  of  about  twenty  milligr.  iron  and 
ninety  milligr.  silver,  in  a  clay  crucible,  yielded  a  button  one  half  of  which  was  an  alloy 
of  silver  and  lead,  while  the  other  half  consisted  of  metallic  arsenides.  Being  detached 
in  the  steel  mortar,  and  properly  freed  from  slag,  the  alloy  weighed  93.5  milligr.,  and, 
therefore,  the  ninety  milligr.  silver  had  taken  up  3.5  milligr.  lead. 

The  arsenides  and  the  slag,  properly  treated  and  freed  from  arsenide  of  iron  and  the 
.  excess  of  arsenic,  yielded  a  combination  of  m  (Ni,  Co)*  As  +  n  Cu°  As,  which  weighed 
61.5  milligr.  After  removing  the  cobalt  the  button  weighed  48.5  milligr.,  so  that  thir- 
teen milligr.  Co*  As  were  removed,  giving  — ^ — — —  =  7.99  milligr.  cobalt.    If  the 

speiss  had  been  free  from  copper  the  nickel  could  now  have  been  also  determined,  but  it 
was  really  necessary  to  fuse  the  button  with  a  gold  button  weighing  85.6  milligr.,  when 
it  was  treated  as  directed  on  p.  478,  and  yielded  a  button  weighing  93.9  milligr.  The 
speiss,  therefore,  contained  8.3  milligr.  copper.  To  determine  the  nickel,  this  copper 
was  reckoned  as  Cu'  As,  and  subtracted  from  the  combination  of  arsenides  of  nickel 
and  copper  that  had  been  found  to  weigh  48.5  milligr.  The  method  of  calculating  the 
Cu'  As  is  as  follows:  71.7  parts  Cu,  and  28.3  parts  As  form  100  Cu'  As,  the  8.3 

milligr.  copper  in  the  gold  correspond,  therefore,  to  — - — — —  =  11.57  milligr.  Cu* 

As,  which  was  taken  at  11.6  milligr.  and  subtracted  from  48.5,  leaving  36.9  milligr. 

Ni*  As,  or  — '- '-  =  22.4  milligr.  nickel. 

The  speiss,  therefore,  contained 

22.4  per  cent,  nickel, 
7.9        "       cobalt, 
8.3        "       copper, 
3.5         "        lead. 
By  making  the  assay  according  to  the  foregoing  directions,  when  the  necessary 
practice  has  been  acquired,  the  whole  examination  can  be  made  in  about  three  hours, 
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ftnd  th  i  results  obtained  will  agree  very  closely  with  those  arrived  at  by  the  wet  way, 
provided  that  the  cobalt  and  nickel  have  been  accurately  separated  in  the  wet  process. 


O.  Assay  for  Cobalt  and  Nickel  in  Minerals,  Ores,  and  Products  con- 
taining Nickel  and  Cobalt  in  the  oxidized  state,  combined  with 
sulphuric,  arsenic,  or  silicic  acids,  or  other  metallic  oxides,  and 
occasionally  with  w^ater  at  the  same  time. 

This  class  includes,  among  minerals  and  ores,  hieberite,  erythrite, 
earthy  cobalt  bloom,  lavendukm,  7nore7iosite;  emerald  nickel,  annaber- 
ffite,  rottisite,  gentliite,  2)imelite,  earthy  cobalt,  and  cobalt  and  nickel 
ores  roasted  on  a  large  scale  ;  among  products,  speisses  roasted  on  a 
large  scale,  smalt,  cobaltiferous  'and  niccoUferous  slags  which  fall 
from  refining  the  slags  and  from  other  smelting  operations  and  con- 
tain very  little  or  no  copper. 

Erythrite,  cobalt  bloom,  and  annabergite  (nickel  ochre)  contain 
more  arsenic  than  is  required  to  convert  all  the  cobalt  and  nickel 
into  (Co,  Ni)  *  As  during  the  reducing  fusion  to  unite  them  into  one 
button,  from  which  the  amount  of  each  of  these  metals  may  then  be 
determined;  the  arsenide  of  cobalt  reduced  from  erythrite  and  cobalt 
bloom  is,  however,  so  hard  to  fuse  that  it  can  only  be  melted  to  a 
button  in  the  clay  crucible  with  great  difficulty,  unless  arsenide  of 
iron  is  added.  Directly  formed  arsenide  of  iron  must  therefore  be 
added,  or  the  substance  in  question  must  be  mixed  with  fifteen  to 
twenty  milligr.  iron  filings  and  arsenicized,  p.  484.  Cobalt  ore,  roasted 
in  the  large  way,  and  bieberite,  after  it  has  been  well  roasted  in  a 
clay  capsule  with  charcoal  powder,  must  be  similarly  prepared  for 
the  fusion. 

The  other  minerals  and  the  nickel  ores  and  speisses  roasted  on  a 
large  scale  can  be  arsenicized  at  once.  Smalt  and  slags,  which  some- 
times contain  oxide  of  lead  and  suboxide  of  copper,  must  be  mingled 
in  the  finest  powder  with  ten  to  fifteen  milligr.  iron  and  then  arseni- 
cized. One  ctr.  of  the  perfectly  dry  powdered  substance  having  been, 
if  necessary,  roasted  and  arsenicized,  while  in  case  the  cobalt  pre- 
dominates, or  the  substance  is  a  slag  or  ore  poor  in  cobalt  and  nickel, 
provision  has  been  made  for  the  formation  of  arsenide  of  iron,  not 
only  to  secure  a  fusible  combination  of  arsenides,  but,  in  case  of  poor 
substances,  also  to  collect  the  metals  in  question  to  a  single  button, 
it  is  charged  in  a  clay  crucible  with — 

300  milligr.  fluxing  and  reducing  agent,  which  is  pressed  dowD 
Bomewhat  and  covered  with — 
3  heaped  spoonfuls  of  salt. 
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If  the  substance  contains  oxides  of  bismntli  or  lead,  the  latter  some- 
times occurriug  in  many  slags,  a  bit  of  iron  wire  and  a  weighed 
quantity  of  silver  is  added  to  it,  before  putting  in  the  flux,  p.  459,  to 
effect  the  separation  of  those  metals  from  the  metallic  arsenides. 

The  fusion  is  performed  in  a  manner  quite  similar  to  that  of  sub- 
stances of  the  first  and  second  class,  and  yields  a  perfectly  round 
button,  which  consists  either  entirely  of  arsenides  of  iron,  cobalt,  and 
nickel,  in  very  varying  proportions,  and  sometimes  a  little  arsenide 
of  copper,  or  partly  of  these  metallic  arsenides  and  partly  of  an  alloy 
of  silver  and  lead,  which  latter  is  separated  from  the  arsenides  and 
slag  as  directed,  p.  460. 

The  arsenides  and  slag  removed  from  the  alloy  are  then  fused  with 
fifty  milligr.  soda  and  fifteen  to  twenty  milligr.  borax-glass  to  a  but- 
ton, which  is  further  treated  as  directed  under  B.,  p.  487,  for  cobalt, 
nickel  (and  copper). 

D.  Assay  of  Mixtures  of  Metallic  Oxides  consisting  especially  of  oxides 

of  Cobalt  or  Nickel. 

In  this  class  belong  the  oxides  of  cobalt  and  nickel  prepared  in  the 
large  way ;  the  former  being  not  always  free  from  nickel,  while  the 
latter  is  seldom  quite  free  from  cobalt ;  both  also  contain  frequently 
trifling  admixtures  of  other  metallic  oxides  and  earthy  matters. 

To  determine  cobalt  and  nickel  in  these  oxides,  which  generally 
occur  in  the  ignited  state  m  commerce,  one  to  two  ctrs.  are  first  heated 
gradually  to  incipient  redness  in  a  closed  tube  or  a  matrass  over  the 
spirit-lamp,  to  driA'e  off  any  trifling  amount  of  mechanically  com- 
bined water,  the  moisture  is  removed  from  the  tube  Avith  filter-paper, 
and  the  cold  oxide  then  poured  into  the  mortar  and  pulverized,  unless 
already  fine  enough. 

Fifty  milligr.  of  this  prepared  oxide  are  then  arsenicized  and  fused 
to  foi'm  a  button  of  metallic  arsenides ;  both  of  these  operations  may 
be  performed  variously,  according  as  the  arsenicizing  must  be  done 
within  the  laboratory,  or  may  be  done  outside.  It  is  better  to  use  fifty 
than  one  hundred  milligr.  for  an  assay,  because  if  cobalt  prevails  its 
oxide  cannot  be  so  easily  treated,  while  its  arsenide  is  less  fusible  and 
also  more  easily  oxidizable  than  that  of  nickel. 

If  done  without  the  laboratory  the  fifty  milligi'.  of  oxide  are  placed 
in  the  clay  crucible  to  be  subsequently  used  for  the  fusion,  and  then 
one  hundred  milligT.  of  powdered  metallic  arsenic  are  mixed  thor- 
oughly with  it.  If  the  oxide  consists  chiefly  of  protoxide  of  nickel, 
or  a  mixture  of  protoxide  of  nickel  and  oxides  of  cobalt,  in  which  the 
former  prevails,  the  resulting  arsenides  can  easily  be  melted  to  one 
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button  during  the  fusion  in  the  crucible ;  if,  however,  oxide  of  cobalt 
prevails,  the  resulting  arsenides  melt  with  difficulty,  and  about  fifteen 
milligr.  of  iron  filings  must  be  added,  so  as  to  form  arsenide  of  iron, 
which  produces  a  fusible  combination  with  the  arsenide  of  cobalt  in 
the  subsequent  fusion.  The  arsenicizing  is  performed  just  as  de- 
scribed on  p.  484,  and  if  a  stronger  heat  than  necessary  was  employed 
toward  the  end,  the  metallic  arsenides,  if  easily  fusible,  may  be  melted 
to  a  button.  After  cooling  in  the  covered  crucible,  the  arsenides  are 
charged  with  three  hundred  milligr.  flux  and  reducing  agent,  which 
is  poured  upon  them,  and  then  covered  with  three  heaped  spoonfuls 
of  salt,  after  which  they  are  fused  according  to  p.  486. 

Another  method  of  arsenicizing,  with  which  the  fusion  of  the  me- 
tallic arsenides  formed  is  at  the  same  time  combined,  consists,  accord- 
ing to  Fritzsche,  in  treating  fifty  milligr.  of  the  oxides,  mixed  with 
one  hundred  milligr.  arsenate  of  potassa  and  thirty  milligr.  borax- 
glass,  in  a  soda-paper  cylinder  in  a  coal  crucible  with  the  E.  F.,  until 
the  arsenides  formed  by  the  liberated  arsenic  have  united  to  a  button 
and  the  carbonate  of  potassa  produced  has  sunk  with  the  borax  into 
the  coal.  This  should  be  done  outside  of  the  laboratory.  Small  ad- 
mixtures of  metallic  oxides,  which  are  neither  converted  into  arsen- 
ides nor  volatilized,  remain  in  a  divided  state  on  the  crucible  without 
exerting  any  injurious  effect  on  the  union  of  the  metallic  arsenides. 

When  the  arsenicizing  must  be  done  in  the  laboratory  another 
method  should  be  adopted,  so  that  the  fumes  of  arsenic  cannot  escape. 
Fifty  milligr.  of  the  oxides  mixed  with  one  hundred  milligr.  powdered 
metallic  arsenic  are  placed  in  a  glass  tube  closed  at  one  end,  and 
heated,  as  described  for  ores,  etc.,  p.  485,  over  the  spirit-lamp,  until 
the  sublimate  of  arsenic  ceases  to  increase;  or,  to  avoid  all  mechanical 

loss,  the  mixture  is  inclosed  in  a  soda-paper 
cylinder,  made  of  a  strip  of  fine  filter-pa- 
per forty-five  millim.  long  and  twenty  mil- 
lim.  wide,  as  in  the  silver  assay,  and  placed 
in  a  tube,  eighty  to  ninety  millim.  long  and 
about  ten  millim.  wide,  closed  at  one  end,  as 
shown  in  Fig.  85,  a.  A  roll  of  ordinary 
filter-paper  is  then  inserted  as  far  as  5,  to 
absorb  the  moisture  evolved  from  the  char- 
red soda-paper,  and  the  assay  is  gradually 
heated  in  the  spirit  flame  to  redness,  while 
the  tube  is  occasionally  turned,  to  prevent 
the  charring  paper  from  adhering  to  the 
Fig.  85.  glass.    It  is  kept  in  this  condition  until  the 
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Bublimate,  c,  ceases  to  increase  *  By  carefully  heating  it  at  first  the 
paper  is  charred  without  opening  in  any  part,  or  adhering  to  the  glass, 
and  therefore  prevents  all  mechanical  loss. 

If  the  mixture  has  been  placed  at  once  in  the  tube,  the  lower  part 
of  the  tube  is  cut  off  after  the  arsenides  have  been  formed,  and  these 
are  poured  into  the  mixing  capsule  and  mixed  with — 

50  milligr.  soda,  and 
20      "       borax-glass. 

This  is  then  transferred  to  a  ^oda-paper  cylinder  and  fused  in  a  coal 

crucible  in  the  E.  F.     If,  hoAvever,  the  mixture  to  be  arsenicized  had 

been  wrapped  in  soda-paper,  the  glass  tube  is  carefully  inverted  and 

the  assay  shaken  at  once  into  a  cavity  in  coal,  or  a  coal  crucible,  wide 

enough  for  the  fusion.     Sometimes  the  charred  paper  will  adhere  to 

the  glass,  if  it  has  been  soaked  with  too  much  soda  and  heated  too 

strongly,  and  it  is  then  necessary  to  detach  it  with  a  wire  or  splinter 

of  wood. 

50  milligr.  soda,  and 

20      "       borax-glass 

are  then  put  on  the  charred  cylinder  and  the  whole  fused  in  the  E.  F., 
with  only  a  feeble  flame  at  first,  directed  upon  the  flux  alone,  and 
afterward  directed  as  much  as  possible  against  the  bottom  of  the 
cavity,  between  the  assay  and  the  coal,  so  that  the  arsenides  may  be 
fused  from  below  upward,  Avhile  the  envelope  is  consuming. 

"While  the  arsenides,  formed  in  either  way,  are  fusing  to  a  button, 
arsenic  still  volatilizes,  until  the  remaining  compound  corresponds 
nearly  or  quite  to  the  composition  (Ni,  Co)*  As,  provided  there  is  no 
iron  present;  the  fluxes  either  sink  into  the  coal  -or  combine  to  a 
transparent  slag,  according  as  the  oxides  assayed  are  free  from  or 
contain  other  metallic  oxides.  When  the  fusion  is  performed  in  a  coal 
crucible  it  is  well  to  add  half  a  spoonful  of  neutral  oxalate  of  potassa 
and  treat  the  assay  further  with  the  E.  F.,  before  removing  the  metal- 
lic button,  as  this  causes  all  the  slag  to  sink  into  the  coal,  leaving  the 
button  quite  free.  With  the  aid  of  a  glass  it  may  easily  be  seen 
whether  any  little  buttons  are  scattered  about,  and  if  any  one  is  found, 
which  is  seldom  the  case,  it  is  detached  with  the  point  of  the  knife, 
rolled  up  to  the  main  button,  and  at  once  fused  with  it  in  the  E.  F, 

In  separating  the  arsenides  now  formed  the  first  question  is,  again, 
whether  the  button  contains  arsenide  of  iron  or  not  ?     The  manner 

*  The  sublimate  adhering  firmly  to  the  tube  is  best  detached,  after  taking  out  the 
aisay,  by  simply  pushing  through  the  tube  another  tube  open  at  both  ends. 
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in  wliich  tliis  is  ascertained  and  the  iron  separated  is  given  on  p.  481. 
The  nickel  and  cobalt  are  then  also  determined  by  the  process  already 
described,  bnt  in  calculating  their  amounts  it  must  be  borne  in  mind 
that  only  fifty  milligr.  were  taken  for  the  assay. 

100  parts  cobalt  yield  126.66  parts  of  protoxide,  and 
100     "     nickel     "    127.58     "       "  " 

so  that  the  amount  of  these  oxides  can  be  easily  calculated  after  deter- 
mining the  respective  metals  ;  or  they  may  be  calculated  directly  from 
the  following  data : 

100  parts  Co*  As  =  61.5  cobalt  =  77.9  Co  0, 
100     "     Ni*  As  =  60.7  nickel  =  77.4  m  0. 

The  methods  heretofore  described  may  be  advantageously  used  in  the 
analysis  of  niccoliferous  and  cobaltiferous  substances.  The  other 
constituents  of  the  assay  having  been  separated  by  the  known 
methods  and  the  oxides  of  cobalt  and  nickel  precipitated  together, 
they  are  washed,  ignited,  and  weighed.  After  being  then  pulverized 
and  again  ignited,  fifty  milligr.  of  them  are  arsenicized,  which  should 
be  done  in  a  clay  crucible  if  possible,  because  then  there  can  scarcely 
be  any  mechanical  loss,  and  after  being  fused  to  a  button  they  are 
separated,  according  to  p.  476,  and  the  percentage  of  cobalt  and  nickel 
or  their  oxides  thus  ascertained. 

Example. — Suppose  that  from  1  gramme  of  nickel  speiss  a  precipitate  of  the  two 

oxides  had  been  obtained,  which  weighed,  after  ignition,  0.475  grm.,  and  from  50 

milligr.  of  these  oxides  64  milligr.  of  (Ni,  Co)*  As  were  produced;  the  cobalt  being 

separated,  there  remained  43.8  milligr.  Ni*  As,  then  the  0.475  grm.  of  metallic  oxides 

would  yield — 

1.  .50  :  43.8  : :  0.475  :  x  grm.  Ni*  As  ; 

43.8  X  0.475 

-  =  0.4161  grm.  Ni*  As,  or 


50 
0.4161    X  60.7 


=  0.2525  grm.  Ni,  and  the  speiss,  therefore,  contained 


100 

25.25  per  cent,  nickel. 

2.  Since  64  —  43.8  =  20.2  milligr.  Co  *  As  were  obtained,  the  amount  of  arsenide 

of  cobalt  would  be — 

50  :  20.2  : :  0.475  :  x  grm.  Co*  As ; 

20.2  X  0.475  „  ^  . 

X  = — =  0.1919  grm.  Co*  As,  or 

0.1919   X  61.5         „  ^  ,     .  .         ,       ^ 

— — =  0.118  grm.  Co,  and   the  speiss,  therefore,  con- 

»!uned  ll.S  per  cent.  Co,  and  37.05  per  cent,  of  both  metals  together. 
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E.  Assay  of  Minerals  and  Products  consisting  of  alloys,  or  arsenides  and 
sulphides,  in  which  there  is  more  Copper  than  Nickel. 

This  class  includes  among  minerals :  hreithauptite ;  among  metal- 
lurgical products :  niccoliferous  and  cohaltiferous  Nach  copper,  similar 
copper  matts  and  slags,  which  are  rich  in  suboxide  of  copper;  among 
artificial  products :  German  silver,  or  pachfong,  tutenag,  and  similar 
alloys. 

These  substances  cannot  be  quantitatively  examined  for  cobalt  and 
nickel  according  to  the  method  given  under  A.  to  D.,  since  they  con- 
tain too  much  antimony  and  copper. 

In  case  of  alloys  of  nickel  and  cobalt  with  antimony,  one  hundred 
milligr.  are  dissolved  in  nitric  acid,  the  solution  filtered  from  the  res- 
idue of  oxide  of  antimony,  and  the  oxides  of  cobalt  and  nickel  pre- 
cipitated with  potassa,  collected  on  a  filter,  washed,  dried,  ignited  in 
the  platinum  capsule,  and  the  ignited  oxide,  which  may  contain  other 
metallic  oxides  with  a  little  antimonic  acid  and  oxide  of  antimony, 
arsenicized  according  to  one  of  the  methods  on  p.  49],  et  seq.  They 
are  then  fused  and  treated  for  cobalt  and  nickel,  which  are  deter- 
mined according  to  p.  493. 

Products  containing  more  copper  than  nickel  must  likewise  be 
dissolved  in  nitric  acid,  or  if  necessary  in  aqua  regia.  When  the 
amount  of  nickel  and  cobalt  is  supposed  to  be  very  small,  more  than 
one  hundred  milligr.  are  taken,  and  slags  must  be  very  finely  pul- 
verized. From  the  solution,  copper,  lead,  antimony,  etc.,  are  pre- 
cipitated by  sulphuretted  hydrogen,  the  solution  filtered,  and  the 
precipitate  washed  with  sulphuretted  hydrogen  water,  which  is  added 
to  the  solution,  and  the  whole  evaporated  until  it  has  no  odor  of 
that  gas;  it  is  then  heated  to  boiling,  any  protoxide  of  iron  present 
converted  into  sesquioxide  by  adding  a  little  nitric  acid,  and  the 
metallic  oxides  precipitated  with  potassa.  If  the  solution  of  the 
metallic  oxide  in  aqua  regia  contained  arsenic  acid,  this  is  partially 
precipitated  in  combination  with  protoxide  of  nickel  and  cobalt,  but 
does  no  harm.  The  precipitated  oxides  are  collected  on  a  filter, 
washed  with  hot  water,  dried,  ignited,  and  arsenicized,  and  the  result- 
ing arsenides  fused  and  treated  for  cobalt  and  nickel. 

If  the  copper,  lead,  etc.,  are  to  be  determined,  the  precipitated  sul- 
phides are  dried  and  gradually  heated  to  redness  in  a  thin  porcelain 
capsule,  so  as  to  expel  the  excess  of  sulphur,  sulphide  of  arsenic,  and 
most  of  the  antimony,  after  which  they  are  fused  with  bisulphate  of 
potassa  in  the  same  capsule.      When  the  resulting  sulphates  are 
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treated  with  hot  water  the  sulphate  of  lead  remains  hehind,  but  the 
sulphate  of  copper  goes  into  solution,  and,  after  filtration,  can  be 
precipitated  as  oxide  with  potassa.  If  pure,  the  sulphate  of  lead  and 
the  oxide  of  copper  may  then  be  dried,  ignited,  and  weighed ;  or  they 
may  be  determined  by  reduction  assays ;  for  copper,  according  to  p. 
4-11,  and  for  lead,  according  to  p.  456,  et  seq. 

8.  THE   IRON  ASSAY. 

The  iron  smelter  has  sufficient  means  for  ascertaining  the  amount 
of  metal  contained  in  his  ores  by  melting  them,  with  proper  fluxes, 
at  a  high  temperature,  in  fire-clay  crucibles  lined  with  charcoal,  as 
well  as  by  the  simpler  modes  of  treating  them  in  the  wet  way;  for 
example,  by  the  methods  of  Fuchs,  Marguerite,  and  others.  As  it 
might  be  desired  to  determine  the  iron  in  an  ore  when  the  necessary 
apparatus  for  the  latter  methods  was  not  at  hand,  and  as  it  is,  more- 
over, possible  to  determine  the  predominating  earthy  constituents 
or  admixture  of  an  iron  ore,  approximately  and  accurately  enough 
for  practice,  with  the  blowpipe  and  wet  way  combined,  this  method 
of  proceeding  will  be  described  here. 

The  diff'erent  iron  ores  which  in  general  are  smelted  on  a  large 
scale  may  be  distinguished  as  follows: 

1.  3Iagnetite,  proto-sesquioxide  of  iron,  but  often  mixed  with  dif- 
ferent silicates,  as  well  as  sulphides. 

2.  Specular  iron  and  hematite.  Both  consist  principally  of  sesqui- 
oxide  of  iron,  but  are  seldom  free  from  oxide  of  manganese  and 
admixtures  of  earthy  substances,  as  hornblende,  chlorite,  quartz, 
ferruginous  quartz,  hornstone,  feldspar,  barytes,  etc. 

3.  Limonite,  yeUoiv  ochre,  and  the  related  hog  iron  ores.  These 
consist  of  hydrated  •  oxide  of  iron,  with  more  or  less  oxide  of  man- 
ganese and  phosphoric  acid,  and  often  with  the  same  admixture  of 
earthy  substances  as  hematite. 

4.  Clay  iron  ore,  which  is  to  be  regarded  principally  as  a  mixture 
of  hydrated  oxide  of  iron  with  alumina  and  sand. 

5.  Silicious  iron  ore,  consisting  principally  of  silicate  of  the  pro- 
toxide or  sesquioxide  of  iron  in  difierent  proportions,  but  seldom 
fi'ee  from  earthy  silicates. 

6.  Siclerite  {spathic  iron),  consisting,  when  pure,  of  carbonate  of 
iron,  but  often  mixed  or  combined  with  carbonates  of  manganese, 
lime,  and  magnesia,  and,  as  Mack  land,  with  coal  and  clay  slate. 

7.  Spherosiderite.  This  contains  the  iron  combined,  it.  is  true, 
with  carbonic  acid,  like  siderite,  but  it  is  distinguished  from  the 
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latter  by  foreign  admixtures,  such  as  clay,  which  is  so  intimately 
united  with  the  carbonate  of  iron  that  the  ore  possesses  a  homo- 
geneous appearance.  Phosphate  of  iron,  phosphate  of  lime,  and 
pyrites  are  also  present  as  admixtures. 

It  will  be  seen  from  the  above  that  most  ores  contain,  besides  iron, 
more  or  less  of  other  constituents  or  admixtures,  which  must  be  of 
interest  to  the  iron  metallurgist,  Avhen,  in  determining  the  iron  in 
an  ore,  the  earthy  parts,  as  silica,  alumina,  lime,  etc.,  which  have  an 
important  influence  upon  the  slag  formation,  are  to  be  also  approxi- 
mately determined. 

PREPARATION"   OF   THE   ASSAY    POWDER. 

A  suflBcient  quantity  of  the  ore  to  be  examined  must  be  pulver- 
ized, a  larger  portion  *being  taken  if  the  admixture  of  foreign  sub- 
stances in  the  ore  is  large,  so  that  a  proper  average  may  be  obtained. 
The  ore  is  first  broken  up  with  the  hammer  and  then  in  a  mortar. 
For  this,  an  iron  mortar  can  be  used,  in  Avhich  the  ore  is  pounded, 
but  not  rubbed.  When  the  assay  powder  is  rather  fine,  it  must  be 
carefully  mixed,  and  small  quantities  taken  from  diflerent  parts  with 
the  ivory  spoon.  The  selected  portions  are  then  to  be  very  finely 
powdered  in  an  agate  mortar,  and  dried  in  a  porcelain  dish  over  a 
lamp  at  about  100°  C. 

MODE   OF   CONDUCTING   THE   ASSAY. 

The  ores  described  above  are  of  such  a  nature  that  the  oxides  of 
iron  contained  in  them  may  be  either  entirely  dissolved  out  by  acids, 
provided  they  are  heated,  or  else  a  residue  is  left,  "which  contains 
more  or  less  iron.  In  the  first  case,  if  a  quantitative  determination 
of  the  earthy  parts  is  not  necessary,  no  fusion  is  required ;  in  the 
latter  case,  however,  the  residue  must  be  first  decomposed  by  a 
fusion  with  the  proper  fluxes  on  charcoal  before  the  blowpipe.  The 
fusion  is  made  as  follows : 

One  ctr.  of  the  prepared  assay  powder  is  weighed  out,  and  put 
into  a  test-glass  of  suflficient  capacity,  and  enough  hydrochloric  acid 
for  its  solution  gradually  poured  oyer  it.  If  the  ore  consists  princi- 
pally of  carbonates,  the  acid  must  be  added  in  very  small  portions, 
in  order  to  prevent  a  violent  effervescence.  If  upon  the  addition 
of  a  little  acid  it  appears  to  be  free  from  the  former,  the  necessary 
amount  of  acid  may  be  immediately  added.  If  the  ore  does  not 
dissolve  at  the  ordinary  temperature  it  must  be  digested  with  the 
acid  over  the  spirit-lamp,  either  until  all  is  in  solution,  which,  how- 
ever, only  occurs  with  perfectly  pure  ores,  in  Avhich  the  oxides  of 
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iron  are  not  combined  with  silica,  or  else  until  nothing  more  dis- 
solves. A  few  drops  of  nitric  acid  are  then  added  to  the  boiling- 
hot  solution,  and  heat  again  applied.  The  solution  is  at  first 
colored  dark,  if  it  contains  protochloride  of  iron,  and  then  suddenly 
becomes  pale  yellow,  as  the  protochloride  is  changed  to  the  sesqui- 
chloride. 

It  is  then  diluted  with  distilled  water,  and  the  residue,  if  there  is 
any,  brought  upon  a  filter,  and  washed  well  with  hot  water.  When 
the  residue  is  perfectly  white  it  need  not  be  treated  any  further,  if 
the  iron  alone  is  to  be  determined,  because  it  is  then  usually  either 
quartz  or  earthy  silicates,  seldom  mixed  with  barytes,  and  entirely 
or  nearly  free  from  iron.  The  iron  may  then  be  immediately  precip- 
itated as  described  below.  If,  however,  the  residue  is  not  perfectly 
white,  but  has  a  yellowish,  red,  or  gray  color,  tRe  filter  must  be  spread 
out,  and  dried  in  a  porcelain  dish  over  the  lamp.  As  soon  as  it  is  dry, 
it  can  be  mixed  on  the  filter  with  three  parts,  by  volume,  of  soda,  and 
one  part  borax-glass,  wrapped  up  in  the  filter-paper,  and  laid  either  in 
a  cylindrical  hollow  bored  in  the  cross  section  of  a  good  piece  of 
charcoal,  or  in  a  charcoal  crucible,  and  the  whole  mass  melted  with 
the  0.  F.  to  a  clear,  transparent  bead.  This,  when  cold,  must  be 
taken  from  the  charcoal,  pulverized  in  the  steel  mortar,  and  the  pow- 
der treated  at  once  in  a  porcelain  dish  over  the  lamp  with  dilute  aqua 
regia,  and  evaporated  to  dryness,  or  it  may  first  be  digested  with  di- 
lute hydrochloric  acid,  nitric  acid  being  added  to  the  solution  after- 
ward. If  the  ore  contained  barytes  or  other  sulphates  which  were 
not  dissolved  by  the  acids,  a  little  sulphide  of  sodium  is  sometimes 
formed  during  the  fusion  on  charcoal,  from  the  decomposition  of  the 
sulphates.  It  is  better  in  this  case  to  use  at  first  only  dilute  hydro- 
chloric acid,  so  that  the  sulphur  of  the  sulphide  of  sodium  may  be 
driven  off"  as  gas  combined  with  hydrogen,  and  to  add  afterward  the 
nitric  acid  necessary  for  the  oxidation.  The  dry  mass  is  then  moist- 
ened with  a  few  drops  of  hydrochloric  acid,  the  soluble  salts  dissolved 
out  with  hot  water,  and  the  silica,  which  remains  unaltered,  is  collected 
on  a  filter  and  well  washed.  The  filtrate  and  the  wash  water  are 
then  added  to  the  first  solution,  from  the  direct  treatment  of  the  ore 
with  acid,  and,  after  it  has  been  ascertained  by  the  addition  of  a  few 
drops  of  sulphuric  acid  that  no  barytes  is  present,  the  sesquioxide  of 
iron  and  alumina  are  precipitated  with  ammonia.  If,  however,  baryta 
was  present  in  the  solution,  the  resulting  sulphate  of  baryta  must 
be  allowed  to  settle  from  the  warm  solution,  and  separated  by  filter- 
ing. 

The  precipitate  of  sesquioxide  of  iron  and  alumina  is  filtered  off, 
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well  washed,  and  the  filter  laid  upon  several  thicknesses  of  filter-paper 
and  unfolded.  As  soon  as  the  greater  part  of  the  water  has  been 
absorbed  by  the  paper,  the  precipitate  must  be  carefully  taken  from 
the  filter  with  a  knife,  and  put  into  a  porcelain  dish.  The  filter 
which  still  holds  traces  of  the  precipitate,  is  moistened  in  a  porcelain 
dish  with  some  hydrochloric  acid,  washed  several  times  with  a  little 
,  water,  and  this  solution  added  to  the  main  precipitate.  This  being 
done,  a  concentrated  solution  of  caustic  potassa  is  added  and  the 
alumina  dissolved  out  over  a  spirit-lamp.  During  this  operation  the 
sesquioxide  of  iron  decreases  considerably  in  bulk.  After  the  whole 
mass  has  been  l^oiled  feebly  for  a  short  time,  it  is  diluted  with  water, 
and  the  sesquioxide  of  iron  collected  on  a  filter,  well  washed,  and 
laid  upon  porous  paper,  so  that  the  greater  part  of  the  water  may  be 
absorbed.  As  soon  as  the  filter  is  tolerably  dry,  it  is  unfolded  and 
dried  thoroughly,  with  the  sesquioxide  of  iron  still  upon  it,  in  a  por- 
celain dish  over  a  lamp. 

"When  the  filter  is  dry,  the  sesquioxide  of  iron  is  put  for  the  present 
in  a  little  porcelain  cup,  and  the  filter  is  burned  thoroughly  in  a 
platinum  capsule,  to  which  the  sesquioxide  of  iron  is  then  added, 
and  the  whole  gradually  heated  to  redness. 

The  sesquioxide  of  iron  must  be  separated  from  the  filter,  because 
the  carbonic  oxide  gas  produced  by  the  gradual  burning  of  the  latter, 
when  the  filter  is  being  reduced  to  ashes,  is  apt  to  act  upon  sesqui- 
oxide of  iron  when  heated  to  redness,  and  if  the  precipitate  had  not 
been  removed  before  burning,  a  part  of  it  would  be  reduced  by  the 
carbonic  oxide  to  protoxide  of  iron,  thereby  giving  too  low  a  percent- 
age of  iron.  The  dry  sesquioxide  of  iron  must  also  be  carefully 
heated  to  redness ;  for  if  heated  too  strongly  at  first,  the  compact 
oxide  would  decrepitate  violently,  owing  to  a  small  amount  of  water 
still  present,  and  a  mechanical  loss  would  ensue.  It  is,  therefore, 
better  to  cover  the  platinum  capsule  at  the  beginning  of  the  opera- 
tion with  a  piece  of  foil. 

The  ignition  being  finished,  the  precipitate  is  weighed,  the  weight 
of  the  filter  ash  deducted,  and  the  amount  of  iron  calculated  from 
the  weight  of  the  sesquioxide.  One  hundred  parts  of  the  sesqui- 
oxide of  iron  correspond  almost  exactly  to  seventy  parts  of  metallic 
iron,  so  that  it  may  be  conveniently  calculated  as  seventy  parts. 

If  the  percentage  of  raw  iron  which  the  dry  assay  in  a  charcoal 
crucible  would  give  is  required,  it  may  be  easily  calculated  by  as- 
suming the  raw  iron  from  the  crucible  to  contain  on  an  average 
in  one  hundred  parts,  ninety-six  parts  of  iron  and  four  parts  of 
carbon. 
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Assuming  that  50.8  milligr.  sesquioxide  of  iron  were  obtained  from, 
an  iron  ore,  this  would  give — 

50.8  X  70 


100 
100  X  35.56 
96 


=  35.56  milligr.,  or  p.  c.  iron,  or, 
=  37  per  cent,  raw  iron. 


SIMULTAI^EOUS   QUANTITATIVE   DETERMINATION    OF   THE    PREDOMI- 
NATING  EARTHY   CONSTITUENTS. 

If  it  is  required  at  the  same  time  to  determine  ap;groximately  the 
•  other  constituents  of  an  iron  ore,  which  may  be  present  in  consider- 
able quantity,  e.  g.,  silica,  alumina,  and  lime,  and  possibly  magnesia 
and  manganese,  the  process  is  as  follows : 

a.  To  ascertain  the  percentage  of  silica,  the  residue  from  the 
digestion  of  the  ore  with  acids  must  be  fused  on  charcoal  with  soda 
and  borax-glass,  the  melted  bead  pulverized  in  the  steel  mortar,  and 
then  treated  with  dilute  aqua  regia ;  but  if  it  contains  barytes,  it 
must  be  treated  with  dilute  hydrochloric  acid  and  afterward,  if  pro- 
tochloride  of  iron  is  present,  with  nitric  acid.  It  is  then  evaporated 
to  dryness,  the  dry  mass  moistened  with  hydrochloric  acid  and  dis- 
solved in  hot  water.  The  residue  of  silica  is  collected  on  a  filter, 
thoroughly  washed,  and  dried  with  the  filter  in  a  porcelain  dish. 
The  filter  is  then  carefully  folded,  so  that  the  silica  remains  in  the 
centre,  and  incinerated  in  a  platinum  capsule,  covered  at  first,  over 
a  spirit-lamp,  until  the  silica  appears  perfectly  white.  After  weigh- 
ing the  silica  and  ash  the  weight  of  the  latter  is  deducted  and  the 
percentage  of  silica  calculated.  The  silica  must  be  as  dry  as  possi- 
ble before  ignition,  as  the  presence  of  a  little  water  is  apt  to  occasion 
a  mechanical  loss  of  small  particles  of  finely-divided  silica,  which 
are  carried  off  by  the  sudden  development  of  steam.* 

h.  To  determine  the  alumina,  carbonate  of  ammonia  is  added  to 
the  filtrate  from  the  silica,  if  it  is  free  from  baryta  or  iron,  and  also 
to  the  solution  resulting  from  the  treatment  of  the  sesquioxide  of 
iron  with  potassa,  after  the  same  has  been  slightly  acidulated  with 
hydrochloric  acid.  The  precipitated  alumina  is  then  collected  on  a 
filter,  washed,  dried,  ignited,  and  weighed.  The  weight  of  the  alu- 
mina is  found  by  subtracting  the  ash  of  the  filter. 

*  Some  silica  may  have  been  dissolved  during  the  first  treatment  of  the  ore  with 
acids ;  to  get  all  the  silica,  it  is  then  necessary  to  combine  the  first  solution  with  the  solu- 
tion of  the  fused  mass,  and  evaporate  the  whole  to  drjmess,  after  which  the  prcfcess  is 
learned  on  as  above. — [Transl.] 
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(\  The  lime  is  precipitated  by  oxalic  acid  from  the  ammoniacal 
filtrate  from  the  sesqiiioxide  of  alumina  and  iron,  and  the  precipi- 
tated oxalate  of  lime,  after  being  filtered,  washed,  and  dried,  is  con- 
verted  into  carbonate  of  lime  by  heating  to  low  redness.  The 
amount  of  lime  is  calculated  from  the  weight  of  the  former,  after 
deducting  the  filter  ash.  One  hundred  parts  of  carbonate  of  lime 
contain  56.1  of  lime. 

d.  Finally,  the  magnesia  and  protoxide  of  manganese  are  precipi- 
tated together,  in  the  filtrate  from  the  oxalate  of  lime,  by  a  solution 
of  salt  of  phosphorus.  The  precipitate  is  seldom  large  enough  to  be 
determined  accurately,  but,  after  filtering,  it  can  be  tested  B.  B.  for 
manganese  according  to  p.  209,  et.  seq.  If  the  ore  is  rich  in  manga- 
nese, it  is  better  to  precipitate  the  latter  with  sulphide  of  ammonium 
from  the  ammoniacal  solution,  and  then  the  lime  and  magnesia  with 
the  proper  reagents,  as  has  been  described  u*der  lime,  p.  155.  In 
this  case  traces  of  alumina,  which  remain  in  the  solution,  will  also 
be  precipitated. 

If  the  ore  contained  barytes,  a  few  drops  of  sulphuric  acid  added 
to  the  filtrate  from  the  silica  will  prove  the  presence  of  baryta  ;  for 
the  fusion  of  the  earthy  residue  with  soda  and  borax-glass  decom- 
poses the  barytes,  and  the  baryta  is  brought  into  solution  when 
hydrochloric  acid  is  added  to  the  melted  assay,  to  drive  off  the  sul- 
phur from  the  sulphide  of  sodium. 

Small  quantities  of  sulphur  and  arsenic  and  of  sulphuric,  phos- 
phoric, and  arsenic  acids,  can  be  easily  found  as  described  in  different 
places  in  the  secoud  part,  under  qualitative  examinations,  but  they 
cannot  be  determined  quantitatively.  Such  determinations  can  only 
be  made  with  larger  quantities  by  regular  analysis,  and  for  this  pur- 
pose works  on  analytical  chemistry  must  be  consulted. 

9.    THE   CHROMIUM   ASSAY. 

The  quantitative  determination  of  chromium  with  the  blowpipe, 
as  described  by  Hilgard,  is,  in  general  terms,  as  follows :  the  sub- 
stance to  be  assayed  is  decomposed  by  fusion  with  nitre,  the  melted 
mass  dissolved  in  water,  the  solution  evaporated  to  dryness,  and  the 
chromate  of  potassa  converted,  by  fusion  with  bisulphate  of  potassa, 
into  a  constant  compound  of  sulphate  of  potassa  with  sesquioxide 

of  chromium,  K  S  +  Gr,  from  which  the  percentage  of  chromium 
in  the  substance  can  be  easily  calculated. 
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A.  fusion  with  Nitre. 


a.   When  the  sulstance  does   not  contain  either  lead,  bismuth,  or 

cadmium. 

In  this  class  belong  the  minerals,  chromite,  chrome  ochre,  and  the 
similar  silicates  containing  chromium,  vide  alumina,  also  the  arti- 
ficial product  chrome  green,  which,  however,  is  often  mixed  with 
various  substances.  Chromite  must  be  elutriated,  for  otherwise  a 
perfect  decomposition  will  not  take  place.  This  preparation  is  not 
necessary  for  chrome  ochre  and  chrome  green,  as  they  are  both  easily 
decomposed  by  nitre. 

The  weighed  quantity,  of  chromite  one  hundred  milligr.,  but  of 
chrome  green,  only  fifty  to  seventy-five,  milligr.,  is  put  into  a  small 
platmum  crucible  of  the  same  size  as  the  clay  crucible  used  in  quan- 
titative assays,  and  three  heaped  spoonfuls  of  nitre  are  added;  with 
chrome  green,  however,  the  latter  must  be  added  gradually,  on  account 
of  the  violent  oxidation  which  takes  place.    The  crucible,  covered  with 
a  small  platinum  dish  of  the  size  and  shape  of  the  roasting  capsule,  is 
placed  in  a  triangle  of  platinum  wire,  which  is  fastened  to  the  ignition 
ring  ^,  Fig.  7,  p.  8.     The  fusion  is  made  over  the  flame  of  an  ordinary 
spirit-lamp,  provided  with  a  sheet-iron  chimney.    This  gives  in  most 
cases  sufficient  heat,  provided  the  bottom  of  the  crucible  is  placed  in 
the  apex  of  the  flame,  where  the  temperature  is  highest.    The  fusion 
must,  however,  be  carefully  conducted,  so  that  any  violent  bubbling 
of  the  mass  or  spurting  may  be  prevented.     The  creeping  up  of  the 
nitre  on  the  sides  of  the  crucible  to  the  triangle,  and  the  swelling 
of  the  melted  mass,  canuot  always  be   avoided,  so  that  care  must  be 
taken  to  bring  everything  into  the  solution.     With  chromite,  the 
evolution  of  gas  lasts  from  twenty-five  to  thirty  minutes,  and  then 
the  mass  becomes  quiet,  the  ore  being  entirely  decomposed.     It  is 
advisable,  however,  always  to  test  the  residue  for  chromium. 

Z>.   When  lead,  lismuth,  tin,  or  cadmium  are  present  in  the  substance. 

Under  this  head  belong  the  minerals  crocoite,  phmiicochroite,  and 
vauquelinite  ;  among  artificial  products :  the  chrome  colors,  chrome- 
yellow,  chrome-red,  and  chrome-green,  when  the  latter  is  mixed  with 
carbonate  of  lead. 

Of  the  above-mentioned  substances,  one  ctr.  is  intimately  mixed  in 
an  agate  mortar  with  three  to  four  spoonfuls  of  fine  silica  and  two 
spoonfuls  of  nitre.    The  fusion  is  made  as  in  a,  except  that  one  spoon- 
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ful  only  of  the  mixture  is  put  into  the  crucible  at  a  time,  the  pestle 
and  mortar  being  cleaned  by  rubbing  them  with  two  or  three  half- 
spoonfuls  of  nitre.  The  fluid  mass  must  be  perfectly  clear  at  the  end 
of  the  fusion,  small  flakes  of  silica  being  visible  upon  the  sides  and 
bottom  of  the  crucible.  Undecomposed  portions  of  the  chromium 
compound  appear  dark-red  and  become  orange-yellow  upon  cooling. 
Should  this  be  the  case,  it  is  partly  owing  to  an  imperfect  mixture 
of  the  mass,  and  partly  to  an  insuflBcient  quantity  of  silica;  such 
an  assay  should  be  repeated. 

The  decomposition  of  substances  of  this  class  requires  from  five 
to  ten  minutes.  If,  at  the  end  of  the  fusion,  the  mass  appears  dry, 
a  spoonful  of  nitre  may  be  added. 

B.   Further   treatment  of  the  fused   mass. 

The  fused  mass  is  next  dissolved  in  water,  in  which  operation  it 
must  be  noticed  whether  manganese  or  silica  are  present.  The 
former  is  separated  from  the  solution  by  a  few  drops  of  alcohol, 
while  the  latter  is  precipitated  more  quickly  by  boiling.  The 
crucible  and  its  appurtenances  are  put  into  a  dish,  which  is  used 
afterward  for  the  evaporation,  and  boiled  with  water  for  not  longer 
than  half  an  hour,  when  the  solution  is  poured  into  a  beaker  glass, 
the  crucible  being  put  with  it.  If,  however,  antimony  is  present  in 
the  substance,  which  is  seldom  the  case,  and  if  the  solution  must  not 
be  heated,  the  crucible  is  allowed  to  become  perfectly  cool,  and  is  then 
put  into  a  small  beaker  glass  containing  about  a  quarter  of  an  inch 
of  water,  and  allowed  to  remain  until  all  is  dissolved.  The  solution 
is  then  ponred  into  a  test  tube,  a  spoonful  of  nitrate  of  ammonia 
added,  and  the  Avhole  shaken  well,  the  mouth  of  the  tube  being  closed 
with  the  thumb.  The  contents  are  afterward  put  back  into  the 
beaker  glass,  the  tube  and  thumb  being  carefully  rinsed  off  into  it. 

The  solution,  obtained  in  either  of  the  above-mentioned  ways,  is 
then  filtered,  and  the  evaporation  commenced  as  soon  as  the  greater 
part  has  passed  through  the  filter.  This  is  performed  in  the  same 
vessel  that  is  used  afterward  for  the  fusion  with  the  bisulphate  of 
potassa;  it  is  made  of  platinum,  and  is  of  the  same  shape  as  the 
larger  porcelain  dish,  p.  43,  Fig.  62.  During  the  evaporation  the 
dish  is  covered  Avith  a  closely-fitting  glass  bell,  which  can  be  made  by 
cracking  off  the  upper  half  of  a  white  vial.  The  dish  is  placed  on 
the  support  over  a  spirit-lamp,  the  neck  of  the  glass  bell  being  secured 
in  a  clamp  which  is  fastened  to  the  blowpipe  lamp.  By  this  arrange- 
ment the  fluid  can  be  well  boiled  without  any  danger  of  loss.    During 
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the  evaporation  the  filtering  and  washing  may  be  completed,  and  the 
filtrate  carefully  poured  from  time  to  time  into  the  dish,  without 
soiling  the  neck  of  the  glass  cover,  the  lamp  being  always  previously 
■withdrawn. 

As  the  salt  is  apt  to  effloresce  during  the  evaporation,  it  is  advisable 
to  commence  the  next  operation  and  to  prevent  any  swelling  of  the 
mass  by  adding  sulphuric  acid  and  bisulphate  of  potassa.  Concen- 
trated sulphuric  acid  is  dropped  in,  until  the  yellow  solution  changes 
to  orange  color,  when  four  or  five  drops  more  may  be  added.  The 
amount  of  bisulphate  of  potassa  varies  with  the  amount  of  nitre  used ; 
three  to  six  or  seven  heaped  spoonfuls  being  the  average  quantity, 
although  an  excess  does  no  harm. 

The  last  part  of  the  wash  water  is  not  added  until  copious  vapors 
of  binoxide  of  nitrogen,  and  sulphuric  acid  begin  to  escape,  when  the 
glass  bell  and  any  portions  of  the  mass  that  may  have  swelled  up  on 
the  edge  of  the  dish  are  rinsed  off  with  the  wash  water,  and  the  glass 
finally  cleaned  with  a  few  drops  of  distilled  water.  The  dish,  how- 
ever, must  not  be  more  than  one-third  full.  The  evaporation  is  now 
carefully  completed,  keeping  the  dish  covered  by  a  piece  of  platinum 
of  the  shape  of  a  watch-glass.  Toward  the  end  of  the  operation  the 
mass  begins  to  expand  slightly,  the  last  portions  of  water  go  ofi",  and 
soon  sulphuric  acid  is  set  free.  The  salt  then  forms  a  thick,  green, 
syrupy  fluid,  which  turns  peach-blossom  color  when  further  heated, 
and  yields  a  double  salt  of  chromium  and  potassa. 

After  the  dense  fumes  cease  the  lamp  is  removed,  tlie  cover  quickly 
taken  off,  laid  in  a  porcelain  dish,  and  the  platinum  dish  seized  by 
the  edge  and  tipped  and  turned  around,  while  the  mass  is  still  fluid, 
so  that  the  latter  may  be  spread  out  as  much  as  possible.  When  the 
salt  is  dry,  the  dish  is  put  back  upon  the  support,  six  to  eight  drops 
of  concentrated  sulphuric  acid  are  added,  and  the  whole  covered  up 
and  heated  again.  If  peach-blossom  colored  particles  are  still  visible 
in  tlie  green  mass  when  cool,  too  little  bisulphate  of  potassa  has  been 
used ;  more  must  now  be  added  and  the  whole  again  heated  with  a 
few  drops  of  sulphuric  acid.  In  any  case,  the  residue  must  be  so 
soft  that  it  can  be  quickly  removed  from  the  dish  with  a  spatula  or 
glass  rod.  Most  frequently  there  results  a  tough,  green  syrup,  very 
soluble ;  sometimes,  however,  a  soft,  but  dense  crystalline  mass.  If 
the  latter  has  become  too  hard  it  requires  too  much  time  for  its  solu- 
tion in  water  without  heat ;  if,  on  the  contrary,  it  is  too  soft,  or  per- 
haps still  fluid,  it  would  be  heated  too  much  by  the  contact  with 
water,  and  there  would  be  danger  of  an  alteration  in  the  composition 
of  the  salt.    The  first  difficulty  may  be  remedied  by  the  addition  of 
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a  few  drops  of  sulphuric  acid  and  heating;  the  latter  by  driving  off 
the  excess  of  acid. 

The  resulting  salt,  when  of  proper  consistency,  is  stirred  up  and 
well  disintegrated  with  a  platinum  spatula,  and  enough  water  added 
at  once  to  prevent  any  spontaneous  heating.  As  soon  as  everything  is 
dissolved,  aided  by  stirring  and  pressing,  the  solution  and  residue  are 
poured  back  into  the  beaker  glass  first  used,  the  cover  rinsed  off,  and 
any  adhering  particles  washed  off  with  a  little  of  the  solution  from 
the  dish,  which  is  finally  cleaned  with  the  forefinger  and  a  few  drops 
of  water.  If  the  inside  of  the  platinum  dish  is  not  perfectly  smooth 
small  portions  of  the  chromium  salt  are  apt  to  adhere  closely,  and 
they  must  be  removed  by  a  fusion  with  nitre. 

About  one-third  of  a  spoonful  of  powdered  protochloride  of  mer- 
cury is  then  added  to  the  cloudy  solution  and  quickly  dissolved  by 
stirring,  and  a  little  very  dilute  sulphide  of  ammonium  is  then  slowly 
dropped  in.  Upon  the  addition  of  each  drop  the  solution  must  be 
stirred  and  carefully  watched  to  see  if  the  flakes  of  chlorosulphide  of 
mercury  float  in  a  perfectly  clear  fluid.  These  flakes  are  intended  to 
collect  and  inclose  the  pulverulent  chromium  salt.  The  solution 
generally  becomes  clear  when  the  flakes  assume  an  olive  color,  and 
there  is  only  a  slight  excess  of  the  chloride  of  mercury.  The  residue 
must  be  thoroughly  stirred  up,  for  if  any  of  the  chromium  salt 
remains  upon  the  bottom  of  the  glass  it  will  make  the  solution  cloudy 
again. 

The  flakes  of  chlorosulphide  of  mercury  generally  settle  quickly, 
and  the  filtration  can  immediately  begin.  Swedish  filter-paper,  cut 
one  and  one-half  inches  in  diameter,  or  filter-paper  previously  treated 
with  acid,  is  recommended.  When  the  main  part  of  the  solution  has 
passed  through,  the  precipitate  is  brought  immediately  upon  the 
filter,  and  a  little  chloride  of  mercury  and  water  added  to  it.  This 
tnust  also  be  done  before  each  fresh  addition  of  the  wash  water.  The 
washing  is  finished  in  about  thirty  to  forty-five  minutes,  the  wash 
water  being  tested  with  chloride  of  barium,  or  upon  platinum  foil. 
Moreover,  the  precipitate  should  be  spread  out  as  much  as  possible, 
and  not  collected  iu  the  lower  part  of  the  filter. 

The  filter  is  then  carefully  removed  from  the  funnel,  dried  between 
blotting-paper,  and  finally  cautiously  pressed  between  the  folds  of  the 
latter  into  the  form  of  a  cube. 

This  is  incinerated  over  a  spirit-lamp  in  a  platinum  capsule,  most 
of  the  •mercury  salt  being  driven  off  at  the  same  time.  A  square 
coal  is  then  prepared  as  in  roasting  copper  ores,  the  dish  placed  upon 
the  wire,  and  the  whole  treated  with  the  blowpipe  until  completely 
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incinerated.  It  is  advisable  during  tliis  operation  to  turn  the  mass 
over.  The  dish  is  now  taken  out  of  the  coal,  the  screen  of  the  coal- 
holder  closed,  and  the  ignited  mass  put  into  the  platinum  crucible, 
which  has  been  previously  weighed  with  its  little  platinum  tripod. 
The  crucible,  placed  in  the  coal,  is  covered  with  the  capsule  and  a 
charcoal  cover  is  placed  over  the  whole.  It  is  now  heated  to  the 
utmost  for  five  or  six  minutes.  A  very  thin  crucible  may  be  used  for 
this  operation  in  order  to  prevent  any  overloading  of  the  balance,  but 
a  thicker  one  is  needed  for  the  fusion. 

After  the  heating  the  precipitate  appears  of  a  fine  green  color 
throughout,  with  the  exception  sometimes  of  a  few  half-fused  parti- 
cles. If  not  heated  sufficiently  it  is  better  to  repeat  the  operation, 
having  added  a  small  piece  of  carbonate  of  ammonia.  The  crucible 
is  finally  taken  out,  placed  upon  the  triangle,  and  a  few  drops  of  con- 
centrated sulphide  of  ammonium  poured  upon  the  porous  mass.  The 
whole  is  then  carefully  dried  over  the  spirit-lamp  and  finally  heated 
to  redness,  to  drive  off  all  the  sulphur. 

Any  chromate,  Avhich  might  have  been  formed  during  the  first 
heating,  will  be  decomposed  by  the  last  manipulation,  and  the  result- 
ing compound  can  be  regarded  as  sulphate  of  potassa  with  sesqui- 

oxide  of  chromium,  K  S  -f  Qt,  containing  in  100  parts  47.3  sesqui- 
oxide  of  chromium.  This  result  can  also  be  proved  by  washing  the 
precipitate  upon  a  filter,  until  the  whole  of  the  sulphate  of  potassa 
is  dissolved.  The  remaining  sesquioxide  of  chromium  is  then  ignited 
and  weighed,  when  it  Avill  generally  agree  with  the  first  result,  giving 
perhaps  a  very  little  more. 

Although  this  assay  may  appear  to  be  very  tedious,  it  can  be  com- 
pleted in  one  and  a  half  to  two  hours. 

Tlie  author  finally  presents  a  few  modifications  of  the  assay,  which 
are  necessary  in  the  presence  of  certain  substances. 

It  sometimes  occurs  that  the  solution  from  the  first  filtration  be- 
comes cloudy  when  diluted ;  this  is  owing  to  tirw  or  bismuth,  and 
shows  that  there  was  not  sufficient  silica  added  for  the  fusion.  The 
same  may  occur  in  the  presence  of  antimony,  if  some  nitre  is  not  put 
on  the  filter. 

In  the  presence  of  metallic  acids  it  is  generally  advisable  to  acidify 
the  solution  strongly  with  a  few  drops  of  sulphuric  acid  and  wash 
Bomewhat  longer,  especially  when  phosphoric  acid  is  present.  Tung- 
stic  acid  is  precipitated  in  the  acid  solution,  and  is  apt  to  occasion  a 
bumping  of  the  fluid  during  the  evaporation.  During  the  solution 
of  the  fused  mass  of  sulphate,  however,  it  prevents  the  disintegration 
of  the  residue,  which  separates  quickly  in  flocculent  particles,  thus 
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making  the  employment  of  chloride  of  mercury  unnecessary.  The 
tungstic  acid  is  finally  removed  by  digesting  the  chromium  salt  with 
ammonia  on  the  filter. 

In  presence  of  antimony,  the  solution  must  not  be  boiled  after  the 
fusion,  but  must  be  shaken  up  in  a  test  tube  with  nitrate  of  ammo- 
nia, in  order  to  render  the  silica  flocculent.  The  washing  must  be 
done  with  water  containing  a  little  nitre  in  solution.  In  dissolving 
the  bisulphate  one  or  two  spoonfuls  of  tartaric  acid  are  put  into  the 
beaker  glass,  the  solution  kept  strongly  acid,  and  finally  well  washed 
with  chloride  of  mercury. 

If  magnesia  is  j)resent  in  large  quantities  it  is  best  to  add  silica  for 
the  fusion.  When  the  ore  contained  copper  and  no  silica  had  been 
added,  yellow  flakes  of  sesquioxide  of  chromium  and  oxide  of  copper 
will  appear  during  the  solution  of  the  mass.  The  solution  must  then 
be  boiled  with  a  little  caustic  potassa,  when  the  yellow  flakes  con- 
tract to  small  black  scales,  containing  no  sesquioxide  of  chromium. 


10.    EXAMINATION  OF  COALS. 

The  usefulness  of  the  blowpipe  has  been  increased  by  employing 
it  in  the  examination  of  coals,  which  both  Chapman  {Mining  and 
Statistic  Magazine,  Sept.,  1858,  and  also  B.  und  H.  Zeitung,  1859, 
No.  19)  and  Kerl  {Leitfaden  bei  Lothrolir-Untersiichungen,  1862) 
have  described.  This  examination  includes  the  most  important  de- 
terminations that  are  usually  made  by  analytical  methods,,  viz.,  the 
hygroscopic  moisture,  the  coke  production,  the  amount  of  ash,  and 
the  absolute  heating  power. 

a.  Determination  of  the  moisture. — From  one  hundred  and  fifty  to 
two  hundred  milligr.  coarsely  pulverized  coal  are  put  into  a  porcelain 
dish  and  the  latter  placed  upon  the  support  of  the  blowpipe  lamp.  It 
is  then  heated  moderately,  either  over  the  oil  or  spirit  lamp,  for  at 
least  five  minutes.  A  piece  of  white  filter-paper  laid  in  the  dish 
must,  however,  show  no  signs  of  charring.  Upon  cooling  the  assay  is 
weighed  and  the  result  controlled  by  a  second  heating.  As  many 
kinds  of  anthracite  decrepitate  upon  being  heated,  the  dish  should  be 
covered  with  a  small  watch-glass.  The  percentage  of  moisture  is 
lowest  in  anthracite ;  in  bituminous  coals  it  is  usually  three  to  four 
per  cent,  seldom  six  to  seven,  and  reaches  its  maximum  in  lignite  and 
brown  coals,  which  contain  twenty  per  cent,  and  sometimes  more. 

b.  Determination  of  the  coke  production. — An  ordinary  clay  cruci- 
ble. Fig.  30,  p.  24,  may  be  used  for  this  operation,  or  the  platinum 
capsule  recommended  by  Chapman.    The  latter  consists  of  two  cap- 
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sules,  upon  one  of  which,  there  is  an  arm  to  prevent  its  falling  oyer. 
The  edge  of  the  upper  one  is  bent  in  a  little,  so  that  it  serves  as  a 
cover  for  the  other,  both  being  made  of  very  thin  plati- 
num foil,  in  order  that  their  weight  may  not  exceed  two 
grammes  and  to  permit  of  their  being  used  upon  the  blow- 
pipe balance.  The  amount  used  for  an  assay  is  one  hun- 
dred and  fifty  to  two  hundred  milligr.  The  heating  of  the 
Fig.  86.  platinum  or  clay  crucible,  the  latter  being  covered  with  a 
roasting  capsule,  is  best  accomplished  in  a  square  coal  arranged  in 
the  holder  as  in  the  assay  of  ores.  The  caking  is  completed  after 
heating  to  redness  four  to  five  minutes.  When  a  clay  crucible  is  used 
the  coke  must  be  taken  out,  which  can  be  done  with  perfect  ease. 

The  coke  has  sometimes  a  fused,  porous  appearance  and  metallic 
lustre,  as  from  caking  or  fat  coals;  sometimes  -it  is  only  sintered  to- 
gether and  partially  fused,  as  from  most  of  the  free-burning  or  non- 
caking  coals ;  sometimes  not  at  all  fused  but  pulverulent  and  sandy, 
when  obtained  from  anthracite,  the  most  of  the  close-burning  coals, 
and  lignite.  The  weight  of  the  coke  varies  with  anthracite,  between 
seventy-two  and  ninety-six  per  cent. ;  with  caking  coals  and  non-caking 
coals,  between  fifty-one  and  eighty  per  cent. ;  with  close-burning  coals, 
between  sixty  and  seventy  per  cent. ;  and  with  lignite,  between  thirty 
and  fifty  per  cent. 

c.  Determination  of  tlie  ash. — The  combustion  of  the  weighed 
quantity  of  coal,  one  hundred  to  one  hundred  and  fifty  milligr.,  or, 
still  better,  the  finely-pulverized  coke  from  the  former,  is  made  in  a 
clay  or  platinum  capsule,  which  is  put  into  the  coal-holder  as  for  the 
roasting  of  copper  ores,  p.  436.  If  the  coal  is  used,  a  little  is  apt  to 
be  carried  off  as  dust  during  the  beginning  of  the  operation,  so  that 
it  is  advisable  to  cover  the  capsule  at  first,  and  not  remove  the  cover 
until  the  evolution  of  gas  ceases.  By  using  a  weighed  platinum  cap- 
sule the  ash  can  be  directly  weighed  in  the  same,  without  first  trans- 
ferring to  the  scale-pan,  in  which  operation  a  loss  might  easily  ensue. 
The  residue  in  the  capsule  should  be  frequently  stirred  up  with  a 
piece  of  bent  platinum  wire,  in  order  to  bring  to  the  surface  all  the 
partially  burnt  particles  of  coal. 

The  percentage  of  ash  in  coals  varies  greatly,  being  in  good  coal 
from  two  to  five  per  cent,  but  frequently  eight  to  ten  per  cent.,  and 
in  inferior  coal  even  from  fifteen  to  eighteen  per  cent.  The  ash  may 
possess  a  brownish,  red,  or  gray  color,  according  to  the"  amount  of 
eesquioxide  of  iron  present,  which  is  formed  during  the  combustion 
by  the  oxidation  of  the  pyrites  in  the  coal.  An  alkaline  reaction  of 
the  moistened  ash  upon  litmus-paper  shows  the  presence  of  lime  oi 
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alkalies ;  silicates  especially  being  in  the  ash  whe^  no  such  reaction 
takes  place.  The  presence  of  sulphuric  acid,  resulting  from  gypsum, 
may  be  easily  determined  by  fusing  the  ash  with  soda,  according  to 
p.  367,  and  manganese  also,  according  to  p.  210. 

d.  Determination  of  the  absolute  heating  poioer  hy  Berthier's  pro- 
cess.— Twenty  milligr.  of  the  finely-pulrerized  fuel  are  mixed  in  a 
clay  crucible  with  about  fiye  hundred  milligr.  of  finely-pulverized 
oxychloride  of  lead  and  then  covered  with  the  same  quantity  of  the 
latter.  The  oxychloride  of  lead  is  preferable  to  litharge  on  account 
of  its  easier  fusibility,  and  is  prepared  by  fusing  in  a  porcelain  cruci- 
ble, over  a  spirit-lamp  or  gas-burner,  three  parts  by  weight  of  litharge 
and  one  part  chloride  of  lead.  After  a  mixture  of  eight  spoonfuls 
of  borax -glass  and  one  of  powdered-glass  has  been  added  as  a  cover, 
the  crucible  is  closed  with  a  clay  capsule  and  put  into  the  coal-holder, 
which  must  also  be  provided  with  a  coal  cover.  The,  fusion  is  then 
conducted  exactly  as  for  a  lead  or  bismuth  assay,  and  is  finished  in 
six  to  eight  minutes.  If  the  temperature  has  been  sufficient  the  re- 
duced lead  button  may  be  seen  through  the  fluid  and  perfectly  trans- 
parent slag  lying  upon  the  bottom  of  the  crucible.  The  weight  of 
the  button  when  cleaned  from  the  slag,  divided  by  twenty,  gives  the 
quantity  of  lead  that  one  part  of  the  fuel  under  examination  can 
reduce,  and  since  one  part  of  carbon  reduces  thirty-four  parts  of 
lead,  the  heating  power  of  the  fuel  may  be  easily  ascertained. 

The  amount  of  lead  reduced  by  one  part  of  coal  varies,  with  the 
different  pit  coals,  between  twenty-one  and  thirty-two  parts,  with 
the  lignites,  between  sixteen  and  twenty-five  parts. 

11.   THE   ASSAY  FOR   MERCURY. 

This  assay,  essentially  the  same  as  that  proposed  by  Domeyko, 
and  described  in  the  Berg,  und  Hiittenm.  Zeitung,  1845,  No.  20,  is 
very  simple  and  exact. 

A    glass    tube    about  ^^''^^^'''''Ni.  '-oi 

three  lines  in  diameter, 
and  seven  to  eight  inches 
long,  of  not  too  thin  glass, 
is  bent  as  shown  in  Fig. 
87,  and  closed  at  one  end, 

leaving  the  shorter  arm,  ng.  gr. 

.7,  one  and  a  half  to  two 

inches  long.  The  tube  is  thoroughly  dried,  and  then  from  five 
hundred  to  three  thousand  milligr.  of  finely-powdered  ore,  accord- 
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ing  to  its  richness,  intimately  mixed  with  five  to  ten  grm.  litharge 
being  introduced  into  it,  the  lower  end  is  gradually  heated  over  the 
Bpirit-lamp  until  the  whole  mass  is  fused  and  the  glass  begins  to 
soften.  The  moisture  that  may  be  present  condenses  in  the  middle 
of  the  tube,  while  the  mercury  will  settle  as  a  thin  film,  sometimes 
scarcely  perceptible,  upon  the  sides  of  the  glass.  When  all  of  the 
mercury  has  been  sublimed,  the  tube  is  carefully  heated  so  as  to  con- 
centrate the  mercury,  as  much  as  possible,  to  a  ring  at  5,  the  tube  is 
allowed  to  cool,  cut  off  with  a  file  close  to  the  ring,  and  the  mercury 
then  brushed  together  to  one  drop  and  transferred  to  a  weighed  cap- 
sule. 

In  this  way  0.05  per  cent,  of  mercury  can  be  very  readily  deter- 
mined, and  the  nature  of  the  gangue  has  no  influence  upon  the  re- 
sult. The  excess  of  litharge  serves  not  only  to  oxidize  the  sulphur 
and  selenium,  but  also  to  remove  the  arsenic,  antimony,  and  bitumen 
so  frequently  found  in  ores  of  mercury,  and  the  resulting  metal  is  so 
pure  that  it  can  be  very  easily  and.perfectly  united  into  one  drop. 


APPENDIX.. 


I.  The  employment  of  quantitative  assays  with  the  blowpipe  for  the  deter* 
mination  of  various  substances  in  quantitative  chemical^analysis. 

The  method  of  Websky,  described  and  illustrated  by  numerous 
examples  {Ber-gwerhsfreunclf  neue  FoJge,  Bd.  7.  Lief.  1),  consists  in 
decomposing  the  combinations  of  the  elements  obtained  by  analyt- 
ical methods,  with  metallic  salts,  in  the  wet  way,  so  that  the  element 
will  be  combined  with  the  metal  in  known  stoichiometrical  propor- 
tions. The  amount  of  metal  in  the  preparation  thus  obtained  is 
then  determined  by  the  blowpipe,  and  the  percentage  of  the  first- 
mentioned  element  in  the  original  substance  found  by  calculation, 
or  in  other  words,  the  determination  of  the  element  is  accomplished 
by  a  quantitative  assay. 

Although  this  method  may  appear  to  be  very  complicated  in  prin- 
ciple, it  may  still,  under  certain  circumstances,  be  of  advantage  to 
those  who  are  skilled  in  assaying  with  the  blowpipe,  especially  when 
only  approximate  results  are  required,  and  but  small  quantities  of 
the  substance  are  at  hand. 

Among  the  metals  used  for  substitution,  only  silver  and  its  com- 
binations have  proved  successful,  except  in  the  determination  of 
quicksilver,  where  gold  is  better.  The  author  has  properly  refrained 
from  describing  the  use  of  other  metals  to  be  determined  quantita- 
tively with  the  blowpipe,  because  the  method  is  either  too  compli- 
cated, or  wanting  in  accuracy. 

In  most  cases,  the  nitrate  of  silver  is  used,  and  less  frequently  the 
sulphate  or  acetate.  In  altering  the  various  solutions  and  precipi- 
tates to  the  corresponding  silver  compounds,  and  particular!}^  in  the 
treatment  of  metallic  sulphides,  it  is  necessary  to  observe  several 
precautions,  which  the  author  communicates  in  detail,  and  the  main, 
points  of  which  will  be  mentioned  here. 

If  a  metallic  sulphide,  soluble  in  sulphide  of  ammonium,  is  under 
treatment,  which  dissolves  in  ammonia  with  the  separation  of  sul- 
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pliur,  a  solution  of  it  in  tlie  latter  must  be  filtered  directly  into  a 
concentrated  solution  of  sulphate  of  silver  in  excess.  The  latter  is 
then  heated  to  boiling,  and  the  black  precipitate  of  sulphide  of  silver 
allowed  to  settle,  which  requires  an  hour  or  two.  After  filtering  and 
washing,  it  is  assayed  for  silver.  The  entire  amount  of  sulphate  of 
silver  must  be  used  at  once,  because  the  solutions  of  the  metallic 
sulphides  in  ammonia  oxidize  rapidly  and  then  give  less  sulphide 
of  silver.  For  this  purpose  the  amount  of  dry  sulphate  of  silver 
necessary,  being  approximately,  but  amply  estimated,  is  weighed  out 

and  dissolved.     100  parts  Ag  S  contain  69.2  Ag. 

The  metallic  sulphides  that  are  insoluble  in  sulphide  of  ammo- 
nium are  dissolved  in  sulphuric  or  nitric  acid,  hydrochloric  acid  not 
being  so  good,  and  precipitated  from  the  solution  by  ammonia  and 
sulphide  of  ammonium  in  excess.  The  solution  is  filtered,  and  the 
precipitate  and  filter-are  then  treated  with  nitrate  of  silver,  again  fil- 
tered, and  the  residue  cupelled.  In  hydrochloric  acid  solutions,  the 
precipitates  are  apt  to  contain  some  chloride  of  ammonium,  which 
increases  the  resulting  silver  button.  The  sulphide  of  ammonium 
must,  if  possible,  be  freshly  prepared,  but  not  too  concentrated,  ex- 
cept when  the  sulphides  of  antimony  and  arsenic  are  to  be  dissolved 
out ;  the  alteration  of  the  freshly-precipitated  sulphides  into  sulphide 
of  silver  must  not  be  done  with  the  application  of  heat,  because  in 
this  case,  the  sulphide  of  silver  is  decomposed  by  the  nitrates  of  the 
metals. 

If  sulphides  are  being  treated  which  oxidize  very  easily,  as  the  sul- 
phides of  iron,  manganese,  or  zinc,  the  precipitate  upon  the  filter 
must  always  be  covered  with  "water,  until  it  is  entirely  washed.  When 
the  precipitate  is  very  small,  it  is  better  to  pour  it,  together  with  the 
last  addition  of  wash  water,  directly  into  the  glass  in  which  it  is  to 
be  treated  witb  the  salt  of  silver,  the  filter  being  pressed  down  into 
the  fluid,  to  which  the  solution  of  the  salt  of  silver  is  afterward 
added. 

In  many  cases,  it  is  necessary  to  treat  both  filter  and  precipitate 
with  the  salt  of  silver,  as  the  latter  cannot  always  be  separated  from 
the  paper  by  a  jet  of  water.  For  this  purpose  the  filter,  cut  as  small 
as  possible,  is  put  into  a  platinum  crucible  about  two  inches  deep, 
and  pressed  with  a  glass  rod  into  a  paste,  a  little  of  the  silver  solution 
having  been  added.  The  necessary  amount  of  the  salt  of  silver  is 
then  added,  heat  applied,  if  admissible,  and  the  solution  diluted, 
allowed  to  settle  and  then  filtered.  The  particles  of  paper  in  the 
residue  remaining  in  the  crucible  are  then  pushed  above  the  level  of 
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the  fluid  mass  with  a  glass  rod,  and  the  entire  precipitate  poured 
upon  the  filter.  The  paper  in  the  crucible  is  then  Avorked  with  the 
glass  rod,  after  adding  a  little  distilled  water,  and  again  puslied  up 
on  the  sides  of  the  crucible,  and  the  fluid  poured  upon  the  filter. 
This  manipulation  is  repeated  until  all  the  paper  has  been  finely 
divided  and  brought  upon  the  filter. 

When  the  last  jjortions  of  the  wash  water  have  run  off,  the  filter  is 
laid  upon  blotting-paper,  and  the  outside  fold  opened,  so  that  the 
filter  takes  the  shape  of  a  semi-circle.  A  piece  of  blotting-paper  is 
then  laid  upon  it  to  soak  up  the  moisture,  and  it  is  finally  pressed 
with  the  hand  between  dry  filter-paper.  It  is  now  put  into  a  porce- 
lain dish  upon  a  piece  of  writing-paper  and  heated  until  perfectly  dry, 
after  which  it  is  held  with  the  forceps,  and  burnt  over  the  agate  mor- 
tar. The  residue  is  triturated  with  the  necessary  amount  of  borax- 
glass,  and  put  into  a  paper  cylinder  with  test  lead,  as  described  under 
the  silver  assay. 

The  author  recommends  that  the  paper  for  the  cylinders  be  pre- 
pared in  the  following  way.  It  is  first  soaked  in  a  weak  solution  of 
carbonate  of  soda,  and  when  dry,  in  a  concentrated  solution  of 
borax,  because  the  ordinary  soda-paper  burns  off  too  rapidly  for  the 
charge,  which  frequently,  as  in  the  present  case,  contains  considerable 
carbon  that  burns  with  difficulty. 

The  fusion  and  the  cupellation  are  pei-formed  exactly  a?  in  the 
assay  for  silver,  and  from  the  weight  of  the  resulting  silver  button  the 
amount  of  the  substance  sought  is  calculated.  In  this  assay,  of 
course,  the  cupellation  loss  must  be  always  added. 

In  this  way  the  author  has  described  methods  for  determining 
phosphorus,  chlorine,  the  fixed  alkalies  and  alkaline  earths,  chromium, 
uranium,  manganese,  arsenic,  antimony,  tellerium,  bismuth,  zinc, 
cadmium^  lead,  iron,  copper,  and  merciTry.  In  the  following  sub- 
stances, which  are  of  special  interest,  the  determination  can,  accord- 
ing to  the  communicated  experiments,  be  accomplished  with  accuracy. 

Pliospliorus. — This  is  precipitated  in  the  usual  manner  as  basic 
phosphate  of  ammonia  and  magnesia,  and  the  precijoitate  and  filter 
treated,  without  warming,  with  a  solution  of  nitrate  of  silver.     100 

Ag  correspond  to  9. 69  phosphorus,  or  22.04  P.  This  method  includes 
the  determination  of  magnesia,  which  is  precipitated  from  its  solution 
and  treated  in  the  above  way.    100  Ag  correspond  to  12.36  Mg  0. 

Chlorine. — This  is  combined  with  sodium  or  potassium  by  fusion 
with  the  carbonates  of  the  latter,  the  solution  saturated  to  excess 
with  nitric  acid,  and  chloride  of  silver  precipitated  by  adding  nitrate 
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of  silver.    The  precipitate  contains  one  equivalent  of  chlorine  and 
one  of  silver,  or  100  Ag  correspond  to  32.84  01. 

Potassa,  soda,  UtJiia,  baryta,  stronfia,  and  lime  are  converted  into 
chlorides  by  treatment  with  hydrochloric  acid,  then  heated  to  low 
redness,  dissolved,  and  the  chlorine  precipitated  by  nitrate  of  silver. 
The  determination  of  the  chlorine  gives  at  the  same  time  that  of  the 
alkalies  and  earths.  For  one  equivalent  of  the  alkali  or  the  above- 
mentioned  earths,  one  equivalent  of  silver  is  obtained,  or  100  Ag  cor- 
respond to  36.25  K  =  43.G6  K,  21.46  Na  =  28.87  Na,  6.08  Li  =  13.48 

Li,  40.45  Sr  =  47.86  Sr,  63.48  Ba  =  70.89  Ba,  18.64  Ca  =  26.05  Ca. 

If  from  a  mixture  of  chloride  of  strontium  and  chloride  of  barium, 
or  chloride  of  potassium  and  chloride  of  sodium,  the  weight  of  the 
freshly-ignited  chlorides  has  been  found,  and  then  the  chlorine  deter- 
mined by  chloride  of  silver,  the  quantitative  relation  of  the  two  sub- 
stances to  each  other  can  be  ascertained  by  calculation. 

Copper. — This  is  precipitated  by  sulphide  of  ammonium  from  an 
ammoniacal  solution  of  a  copper  salt,  and  the  precipitate  and  filter 
treated  as  described  above,  at  a  very  moderate  heat,  with  nitrate  of 
silver,  upon  which  the  alteration  into  sulphide  of  silver  results.  For 
one  equivalent  of  copper  one  equivalent  of  silver  is  obtained,  or  100 

Ag  correspond  to  29.3  copper  =  36.6  Cu. 

Iron. — When  sesquioxide  of  iron  is  precipitated  from  its  solution 
by  means  of  ammonia  and  sulphide  of  ammonium,  sesquisulphide  of 
iron,  Fe"  S',  results,  which,  treated  according  to  the  method  de- 
scribed, precipitates  as  Ag  S  from  a  solution  of  nitrate  of  silver  one 
and  a  half  equivalent  of  silver  for  one  equivalent  of  iron.     100  Ag 

correspond  to  17.31  Fe,  or  to  22.25  Fe,  or  to  24.72  Fe. 

Manganese. — This  is  precipitated  from  any  salt  of  its  protoxide  by 
ammonia  and  phosphate  of  soda  or  of  ammonia,  and  the  precipitate 
and  filter  treated,  without  warming,  with  a  neutral  solution  of  nitrate 
of  silver.  Exactly  one  and  a  half  equivalent  of  silver  to  one  equiv- 
alent of  manganese  is  the  ratio  obtained.     100  Ag  correspond  to 

17.03  Mn,  or  to  21.97  Mn,  or  to  24.43  Mn. 

Arsenic. — This  can  be  determined  in  two  ways.  According  to  one 
method,  pentasulphide  of  arsenic  is  formed,  the  solution  filtered,  and 
the  precipitate  and  filter  treated  in  dilute  ammonia  and  gently 
warmed,  the  excess  of  sulphur  remaining  undissolved.  The  solution 
is  then  filtered  directly  into  a  solution  of  sulphate  of  silver  in  excess. 
The  filtration  finished,  the  dark-colored  silver  solution  is  quickly 
heated  to  boiling,  and  the  precipitate  allowed  to  settle,  which  re- 
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quires  an  hour  or  two.  It  contains  five  equivalents  of  silver  to  one 
equivalent  of  arsenic,  or  100  Ag  correspond  to  13.89  As  =  18.34 

As  =  21.3  As. 

According  to  the  other  method,  arsenate  of  potassa  is  formed  by 
fusing  the  substance  with  nitre  and  carbonate  of  potassa.  The  mass 
then  dissolved,  saturated  with  nitric  acid,  and  highly  diluted,  if  sul- 
phuric acid  is  present.  Nitrate  of  silver  in  excess  is  added,  and 
then  ammonia,  until  the  precipitate  is  redissolved,  after  which  the 
fluid  is  evaporated,  without  boiling,  to  drive  off  the  excess  of  ammo- 
nia ;  when  there  is  no  longer  any  smell  of  the  latter  noticeable  the 
precipitated  arsenate  of  silver  filtered  off.  Three  equivalents  of  silver 
are  thrown  down  for  one  equivalent  of  arsenic,  or  100  Ag  correspond 

to  23.15  As,  or  35.5  As. 

Chromuim. — Chromate  of  potassa  is  formed  by  fusion  with  nitre 
and  carbonate  of  potassa,  the  mass  dissolved  in  water,  saturated  with 
acetic  acid,  and  the  solution  boiled  to  drive  off  the  carbonic  acid. 
Water  is  then  added  to  prevent  the  separation  of  acetate  of  silver,  and 
afterward  nitrate  of  silver  in  suflicient  quantity.  The  precipitated 
chromate  of  silver  contains  one-half  equivalent  of  silver  to  one  equiv- 
alent of  chromium,  or  100  Ag  correspond  to  48.69  Cr  =  70.92  Gr,  or 

93.15  Cr.  As  the  slagging  of  a  large  quantity  of  chromium  in  the 
silver  assay  requires  so  much  borax-glass  that  the  mass  cannot  be 
conveniently  managed  with  the  blowpipe,  the  precipitate  and  filter 
must  be  boiled  with  very  dilute  hydrochloric  acid,  by  which  operation 
the  chromate  of  silver  is  altered  to  chloride,  the  chromic  acid  being 
dissolved.    The  chloride  of  silver  is  then  filtered  off  and  assayed. 

II.  Spectrum  Analysis. 

The  color  imparted  to  the  flame,  in  examinations  with  the  blow- 
pipe, affords,  as  is  well  known,  a  simple  means  of  recognizing  various 
substances.  Although  this  reaction  in  many  cases  is  very  sensitive 
and  reliable,  it  is  often  rendered  uncertain  by  the  resemblance  of  the 
colors  to  each  other,  or  by  the  simultaneous  occurrence  of  substances 
that  impart  intense  and  feeble  colors  to  the  flame,  so  much  so,  that 
even  an  expert  can  recognize  the  presence  of  certain  bodies  only  with 
difficulty,  or  not  at  all.  This  simple  reaction  becomes  of  greater 
value  upon  observing  the  light  from  the  colored  flame  when  decom- 
posed by  a  prism,  so  that  it  is  possible  to  prove  with  certainty,  and 
unobstructed  by  any  disturbing  influences,  the  presence  of  such  sub: 
stances,  even  when  in  complex  combinations. 
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Although  there  were  earlier  investigations  concerning  the  spectra 
of  different  colored  flames,  still  we  are  mostly  indebted  to  the  labors 
of  Kirchhoff  and  Bunsen  in  this  subject  for  a  more  exact  knowledge 
of  the  phenomena,  as  well  as  for  a  method  by  which  the  same  can  be 
used  to  determine  the  various  substances  more  distinctly,  more 
quickly,  and  in  smaller  quantities,  than  is  possible  in  analytical  chem- 
istry, even  when  aided  by  every  convenience. 

A  Bunsen's  gas-burner,  however,  Fig.  8,  p.  9,  in  which  the  gas, 
mixed  with  air,  bums  with  a  blue,  non-luminous  flame  of  very  high 
temperature,  is  best  suited  for  heating  or  volatilizing  the  substances ; 
a  spirit-lamp  with  blast  is  much  less  convenient.  Small  quantities 
of  the  substances  are  melted  upon  the  hook  of  a  platinum  wire, 
in  order  to  bring  them  conveniently  into  the  flame. 

The  spectroscopes  used  for  these  observations  all  depend,  it  is  true, 
upon  the  same  principle,  but  they  are  arranged  in  various  ways ;  in 
some  the  spectrum  is  observed  directly  with  the  naked  eye,  in  others 
through  a  telescope.    The  arrangement  of  a  simple  apparatus  of  the 


Fig.  88. 

latter  description  is  shown  in  Fig.  88,  in  which  the  form  of  the 
same  is  given  in  horizontal  projection,  and  the  action  of  the  different 
parts  of  the  apparatus  explained  by  the  dotted  lines.  The  tube  ab  is 
provided  at  a  with  a  slit  adjustable  by  a  screw.  This  slit  lies  in  the 
focus  of  the  lens  b,  which  closes  the  other  end  of  the  tube.  The 
light  which  falls  through  the  slit  upon  the  lens  is  projected  in  paral- 
lel rays  upon  the  bisulphide  of  carbon  or  flint-glass  prism  c,  by  which 
it  is  refracted,  passing  finally  through  the  telescope  de,  at  the  end  of 
which  the  observer  places  his  eye.  If  the  observations  are  only  ex- 
tended to  the  spectra  of  the  flames,  the  apparatus  described  above  is 
^Buflficient,  but  in  more  accurate  investigations  it  is  necessary  to  know 
exactly  the  position  of  the  lines  in  the  various  spectra,  and  the  tube 
fg  is  added  for  this  purpose. 
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This  also  contains,  in  the  eud  g  next  to  the  prism,  a  lens  in  the 
focus  of  which,  at  the  other  end  of  the  tube  /,  is  placed  a  scale  pho- 
togi'aphed  on  glass,  which  is  illuminated  by  a  taper  placed  before  it. 
In  this  manner  the  picture  of  the  scale  is  thrown  upon  the  front  face 
of  the  prism,  from  which  it  is  reflected  into  the  telescope  de,  so  that 
the  observer  sees  at  the  same  time  the  reflected  picture  of  the  scale 
and  the  spectrum  formed  by  the  prism.  All  the  tubes,  as  well  as  the 
prism,  are  fastened  ujion  a  round,  metallic  disc,  which  is  moyable 
upon  its  vertical  axis,  being  held  upright  by  a  support  or  foot. 

In  a  more  complete  apparatus  there  is  an  arrangement  (not  shown 
in  the  figure)  by  which  two  spectra  may  be  directly  compared  with 
each  other.  For  tliis  purpose  a  small  glass  prism  is  fastened  before 
the  lower  half  of  the  slit  at  a,  to  prevent  the  admission  of  rays  from 
the  source  of  light  in  the  direction  of  the  prolongation  of  the  axis  of 
the  tube.  It  allows,  however,  the  admission  of  the  light  from  a  lamp 
placed  at  the  side  in  a  proj^er  position,  so  that  the  observer,  upon 
looking  through  the  telescope,  sees  the  spectra  of  both  flames  one 
above  the  other. 

In  observing  the  colored  flames  with  the  aid  of  the  spectroscope, 
there  is  no  such  perfect  continuous  spectrum  as  that  resulting  from 
white  light,  but  only  a  few  more  or  less  isolated  colored  lines  appear, 
which  in  a  few  substances  only  are  combined  with  smaller  or  larger 
portions  of  the  usual  solar  spectrum. 

Plate  I.  contains  a  representation  of  spectra  which  are  of  special 
interest,  an  acquaintance  with  them  being,  from  a  practical  point  of 
'  wevf,  important ;  for  convenience  of  comparison  the  notation  and 
extent  of  the  colors  of  the  solar  spectrum  have  been  placed  above 
the  other  spectra.  The  bright  lines  in  the  spectra  are  denoted  by 
a,  jS,  y,  6,  etc.,  etc.,  according  to  their  intensity  and  importance  in 
recognizing  the  elements.  For  further  explanation  of  the  plate  see 
the  following :  * 

Potassium.— The  volatile  combinations  of  potassium  yield  a  very 
extended  and  continuous  spectrum,  which  shows  only  two  character- 
istic lines,  K  a  in  the  extreme  red,  and  K  j3  in  the  violet  of  the  other 
end  of  the  spectrum.  Potassa  and  all  its  combinations  with  volatile 
acids,  without  exception,  show  the  reaction.  Silicates  of  potassa, 
however,  and  similar  salts  Avhich  are  not  decomposed  by  the  flame, 
show  it  when  treated  by  themselves,  only  if  the  percentage  of  potassa 
is  very  high.     If  the  amount  of  potassa  is  small  the  assay  bead  must 


*  Compare  :   Chemische  Analyse  durch  SpectraJbeobacktung,  v.  Kirchhoff  und  Bunsen, 
Pogg.  Annal.  Bd.  110,  St.  2  ;  also,  Erdmann's  Journal,  Bd.  80,  Heft.  8. 
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be  fused  with  carbonate  of  soda  in  order  to  obtain  the  characteristic 
lines.  To  prove  the  presence  of  yery  small  amounts  of  potassa  in 
the  silicates,  the  latter  must  be  heated  upon  a  platinum  cover  to  low 
redness  with  a  large  excess  of  fluoride  of  ammonium,  and  the  residue 
brought  into  the  flame  upon  a  platinum  wire.  Potassa  may  in  this 
way  be  found  in  most  of  the  silicates. 

Rubidium. — This  element  also  yields  a  continuous  spectrum, 
which,  however,  is  not  so  extended  as  that  of  potassa.  The  lines 
marked  a  and  |3  are,  on  account  of  their  extraordinary  intensity, 
regarded  as  the  most  important  ones  for  the  recognition  of  this 
metal.  The  lines  5  and  7  are  less  intense,  but  still  very  character- 
istic. The  other  lines  appear  only  with  a  very  strong  light  and  very 
pure  salts,  and  are  therefore  of  little  use  in  recognizing  rubidium. 

CcBsium. — The  spectrum  of  this  metal  is  rendered  very  characteris- 
tic by  the  two  blue  lines  a  and  /3,  which  are  remarkable  for  their 
intensity  and  sharpness.  As  with  rubidium,  yellow  and  green  lines 
are  noticed  in  the  continuous  part  of  the  spectrum,  but  they  are  only 
visible  with  a  very  intense  light.  Eubidium  and  ctesium  occur  very 
sparingly  and  are  always  associated  with  other  alkalies.  They  can 
easily  be  separated  as  chlorides  from  sodium  and  lithium  salts,  by 
means  of  bichloride  of  platinum,  but  potassa,  which  is  always  present, 
is  also  precipitated  with  them,  and  the  presence  of  rubidium  and 
caesium  cannot  be  proved  by  spectrum  analysis  until  the  greater  part 
of  the  platinchloride  of  potassium  is  removed  by  repeated  boiling 
with  water. 

Sodium. — The  yellow  line  a,  the  only  one  in  the  sodium  spectrum, 
is  remarkable  for  its  great  brightness  and  distinctness,  and  is  the 
most  sensitive  of  all  spectrum  reactions.  The  line  is  produced  by  all 
the  various  combinations  of  sodium  in  nature ;  it  is  scarcely  possible 
to  have  a  flame  in  which  this  reaction  is  totally  wanting. 

Lithium. — Lithium  shows  a  distinct  bright  line  in  the  red,  Li  a, 
and  another  in  the  orange,  Li  /3,  which  is  usually  scarcely  visible. 
Every  combination  of  lithium  stows  this  reaction  distinctly.  When 
the  amount  is  very  small,  as  in  the  numerous  silicates  in  nature,  the 
experiment  is  best  made  in  the  following  manner :  a  small  quantity 
of  the  substance  is  digested  and  evaporated  with  fluoride  of  ammo- 
nium, a  little  sulphuric  acid  is  then  added  to  the  residue,  evaporated, 
and  the  dry  mass  treated  with  alcohol.  The  alcoholic  solution  is 
evaporated  to  dryness,  the  mass  again  treated  with  alcohol,  and  the 
resulting  liquid  dried  in  a  glass  capsule.  The  remaining  crust  can 
be  scraped  together  and  brought  into  the  flame  upon  a  platinum  wire. 

Sti'ontium. — The  strontium  spectrum  shows  eight  very  distinct 
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lines,  six  red,  one  orange,  and  one  blue.  The  orange  line,  Sr  a,  close 
to  the  soda  line,  the  two  red  lines,  Sr  /3  and  y,  and  finally  the  blue 
line,  Sr  (5,  are  the  most  important.  Chloride  of  strontium  shows  the 
reaction  more  strongly,  the  sulphate,  however,  only  feebly,  and  the 
combinations  with  acids  not  decomposed  by  the  flame,  still  more 
feebly,  or  even  not  at  all.  If  the  sulphate  is  to  be  used,  the  assay  is 
held  for  a  short  time  in  the  reducing  part  of  the  flame  in  order  to 
form  the  sulphide,  which  is  easily  decomposed  by  hydrochloric  acid. 
The  combinations  with  acids  not  decomposed  by  the  flame  must  be 
fused  with  carbonate  of  soda.  The  residue  from  the  solution  of  the 
mass  in  water  contains  the  strontium  as  carbonate,  a  very  small 
quantity  of  which  gives  an  intense  reaction  when  moistened  with 
hydrochloric  acid. 

Calcium. — The  calcium  spectrum  contains  a  very  intense  line  in  the 
orange,  Ca  a,  and  an  equally  characteristic  one  in  the  green,  Ca  /iJ. 
The  line  in  the  violet  is  feeble  and  is  only  visible  in  a  very  intense 
spectrum.  Chloride  of  calcium  affords  the  most  distinct  reaction. 
In  the  combinations  wliich  are  decomposed  by  hydrochloric  acid,  the 
reaction  is  easily  shown  by  heating  the  pulverized  substance,  on  a 
platinum  wire,  moistening  it  with  hydrochloric  acid,  and  again  bring- 
ing the  mass  into  the  flame.  Of  the  silicates,  which  are  not  acted 
upon  by  hydrochloric  acid,  it  is  only  necessary  to  decompose  a  very 
small  quantity  with  fluoride  of  ammonium,  to  moisten  the  residue 
with  one  or  two  drops  of  sulphuric  acid,  to  ignite  again,  and  to  heat 
the  residue  on  a  wire  in  the  flame,  after  dipping  it  in  hydrochloric 
acid. 

Barium. — The  barium  spectrum  is  very  complicated,  being  charac- 
terized by  several  green  lines,  of  which  Ba  a  and  jS  are  the  most 
important.     The  haloid  salts  of  barium,  baryta  and  also  the  most 

frequent  combinations  which  occur  in  nature,  Ba  C  and  Ba  S,  show 
the  reaction  most  distinctly  and  can  be  recognized  by  simply  heating 
them  in  the  flame.  The  silicates  containing  baryta,  which  are 
attacked  by  hydrochloric  acid,  afford  a  distinct  reaction  when 
moistened  with  acid.  The  combinations  which  are  not  attacked  are 
decomposed  as  described  under  strontium,  and  the  resulting  car- 
bonate of  baryta  tested.  If  lime  and  strontia  are  both  present  the 
carbonates  obtained  from  the  decomposition  are  dissolved  in  as  little 
nitric  acid  as  possible,  evaporated  to  dryness,  and  the  lime  dissolved 
out  with  alcohol.  The  residue  still  contains  baryta  and  strontia, 
both  of  which  can  be  easily  recognized  when  they  are  not  in  too 
anequal  proportions. 
By  igniting  with  chloride  of  ammonium  the  residue  may  also  be 
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altered  to  chlorides,  from  which  the  chloride  of  strontium  may  be 
separated  by  alcohol. 

TJiallium. — The  thallium  spectrum  is  distinguished  by  a  single, 
intense  green  band,  very  sharply  defined,  which  almost  coincides 
with  the  line  5  of  the  barium  spectrum.  All  the  various  salts  of 
thallium  show  this  line  with  great  distinctness,  and  even  the  pyrites 
which  contain  but  very  little  thallium  afford  the  spectrum  immedi- 
ately by  simply  heating  them  in  the  edge  of  the  flame. 

Indmm. — In  the  spectrum  of  this  metal  two  lines  are  seen,  one  of 
which,  In  a,  is  in  the  indigo,  and  the  other,  /3,  in  the  violet.  The 
former  is  by  far  the  most  intense,  and  from  it  the  presence  of  indium 
can  be  easily  recognized.  The  various  combinations  of  indium  show 
the  spectrum  very  distinctly,  but  it  is  not  possible  to  prove  the  pres- 
ence of  this  metal  in  zinc  blende,  in  wliich  mineral  only  it  occurs, 
in  this  simple  manner,  viz.,  by  heating  it  alone,  or  even  by  bringing 
the  roasted  blende,  moistened  with  hydrochloric  acid,  into  the  flame. 
A  few  grammes  of  the  zinc  blende  must  be  decomposed,  when 
roasted,  by  hydrochloric  acid,  or  when  not  roasted,  by  aqua  regia,  the 
solution  diluted  and  saturated  with  ammonia.  The  resulting  precip- 
itate, which  contains  the  oxide  of  indium  as  well  as  the  sesquioxide 
of  iron,  if  the  blende  was  ferruginous,  is  then  dried  and  a  small  por- 
tion of  it  moistened  with  hydrochloric  acid  and  brought  into  the 
flame  on  a  platinum  wire.  If  indium  is  present,  the  blue  line,  a,  will 
be  seen  for  a  short  time  very  distinctly. 

Besides  the  above-mentioned  elements,  various  other  substances 
when  heated  give  more  or  less  characteristic  spectra ;  as  selenium 
and  phosphorus,  when  the  latter  is  heated  iv  a  stream  of  hydrogen 
gas  and  the  flame  from  the  resulting  gas  observed;  boracic  acid, 
protochloride  of  manganese,  chlorides  of  lead,  bismuth,  and  copper. 
Selenium  yields  a  great  number  of  dark  lines,  equally  distant  from 
each  other,  extending  from  the  yellow  to  the  violet  of  the  spectrum; 
phosphorus  is  distinguished  by  three  lines  in  the  green ;  boracic  acid 
and  protochloride  of  manganese  give  likewise  several  broad  green 
lines;  the  chlorides  of  lead,  bismuth,  and  copper  show  bright  lines 
in  almost  all  parts  of  the  spectrum. 

The  so-called  spectra  from  absorption  are  also  very  interesting ; 
they  are  obtained  by  placing  convenient  glass  vessels,  containing 
solutions  of  certain  salts,  and  even  gases,  between  the  slit  in  the  tube 
and  the  illuminating  flame,  so  that  the  light  will  pass  through  the 
liquid  or  gas.  By  this  arrangement  large  portions  of  the  complete 
spectrum  disappear  through  absorption  of  corresponding  rayg  of  light, 
or  else  only  dark  lines  are  seen  in  different  parts  of  the  same.    Phe- 
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nomena  of  this  kind  are  afforded  by  solutions  of  permanganate  of 
potassa,  also  by  certain  salts  of  cobalt,  copper,  and  chromium,  as  well 
as  didymium  and  erbium.  The  spectra  resulting  from  the  last- 
named  compounds  are  of  special  interest  to  the  chemist.  -"When 
almost  colorless  solutions  of  these  metals  are  placed,  in  moderate 
thickness,  between  the  slit  and  light,  the  didymium  salts  give  a 
strong  black  line  in  the  violet  part  of  the  spectrum,  and  also  five 
finer,  more  or  Jess  intense  black  lines  in  the  green.  Solutions  of 
erbium  salts  yield  lines  of  different  strength  in  the  red,  green,  blue, 
and  violet  portions  of  the  spectrum.  The  solutions  also  of  yttria 
are  said  to  give  lines  in  the  yellow  and  green. 

ni.  Qualitative  Tests. 

a.  Test  for  potassa. 

Permanganate  of  potassa  in  solution  furnishes  a  medium  far  more 
transparent  to  the  rays  from  the  potassa  flame  than  indigo  solution, 
as  stated  by  the  translator  in  the  American  Chemist,  April,  1872. 
It  is  used  in  exactly  the  same  way  as  the  indigo  solution,  and  may 
be  advantageously  replaced  by  aniline  colors  dissolved  in  alcohol, 
which  offer  the  advantage  of  remaining  clear.  The  aniline  solution 
must  be  of  precisely  the  same  color  by  transmitted  light  as  the  per- 
manganate solution.  If  too  blue,  some  drops  of  a  solution  of  red 
aniline  are  added,  and  vice  versa.  The  translator  uses  aniline  night 
blue,  corrected  with  Hoffmann's  violet,  or  any  reddish  aniline  solu- 
tion. Silicates  decomposed  by  acids  are  tested  after  such  decompo- 
sition. If  not  decomposed  they  may  be  heated  on  platinum  wire 
with  two  parts  gypsum  and  one  part  fluor-spar. 

h.  Test  for  lismuth. 

Von  Kobell's  test  for  bismuth  {Journ.  f.  pr.  Chemie,  1871,  vol.  iii., 
p.  469)  is  the  most  characteristic.  Heat  on  a  large  coal  the  bismuth 
compound  with  a  mixture  of  equal  parts  of  sulphur  and  iodide  of 
potassium.  The  presence  of  bismuth  is  shown  by  a  volatile,  bright- 
red  coat,  at  a  distance  from  the  assay ;  there  may  be  a  yellow  coat  of 
oxide  of  bismuth  nearer  the  assay.  A  large  amount  of  lead  ob- 
scures the  reaction,  by  causing  a  copious  yellow  coat.  The  trans- 
lator has  varied  the  test  {American  Chemist,  March,  1872)  so  that  a 
very  small  amount  of  bismuth  with  a  great  excess  of  lead  can  still  be 
detected.  The  assay  is  heated  in  an  open  tube  four  inches  long  and 
at  least  one-third  of  an  inch  wide,  over  the  spirit-lamp,  with  an  equal 
volume  of  a  mixture  of  one  part  iodide  of  potassium  and  five  parts 


i)2a  plattxer's  blowpipe  analysis. 

snlpliur.  Lead  alone  will  then  cause  a  copious  sublimate,  pure  yel- 
low when  cold,  while  the  presence  of  bismuth  will  cause  a  red,  or,  if 
very  little  bismuth  is  present,  an  orange-red  band,  about  one-third  of 
an  inch  above  the  lower  edge  of  Oie  yellow  lead  sublimate.  Should 
an  excess  of  antimony  obscure  this  reaction,  remove  most  of  the 
antimony,  in  case  of  sulphides,  by  alternate  treatment  in  0.  F.  and 
K.  F.  on  coal ;  in  case  of  oxides,  fuse  them  with  an  equal  volume  of 
sulphur  in  a  deep  cavity,  and  then  treat  the  remaining  sulphides  as 
before.  It  wuU,  however,  seldom  be  necessary  to  test  in  the  glass  tube. 
Care  should  be  taken  not  to  mi^ake  for  the  bismuth  sublimate  a 
sublimate  of  iodine  which  may  form  in  the  upper  part  of  the  tube, 
but  at  a  greater  distance  from  the  assay. 
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A.cadialite,  123. 
Acanthite,  307,  311. 
A.cicular  bismuth,  258. 
Acmite,  88,  128. 
Actinolite,  159,  166. 
Adamite,  250,  255. 
Adelpliolite,  219. 
Adularia,  121,  387.    • 
-fis^irite,  146,  154. 
^schvnite,  89,  181, 187. 
Aft.mite,  288,  298. 
Airate,  362. 
Aikinite,  258,  268. 
Alabandite,  207,  211. 
Albite,  89,  128. 
Algerite,  122,  126. 
Algodonite,  287,  295. 
Alipite,  244. 
Alisonite,  258,  267. 
Allaaite,  208. 
Allanite,  88,  200,  204, 
Allemontite,  327,  332. 
AUoclasite,  278,  283. 
Allopalladium,  315. 
Anophaue,89,  170,  176. 
Alluaudite,  220,  233. 
Altaite,  257,  205. 
Alum,  ammonia,  136. 

magnesia,  158. 

manganese,  208. 

potash,  120,  385. 

soda,  127. 
Alumian,  168.  173. 
Aluminite,  89,  168,  173. 
Alumocalcite,  303. 
Alunite,  89,  120,  173. 
Alunogen,  89,  168,  173. 
Alvite^  181, 192. 
Amalgam,  302,  305. 
Amazon  stone,  121. 
Amber,  356,  358. 
Amblygonite,  88,  132,  175. 
Ambrite,  356. 
Amethyst,  362. 
Amiauth,  tide  Asbestus 
Ammiolite,  303. 
Ammonia,  sulphate,  383. 
Amoibite,  343,  347. 


Amphibole,  159, 166. 
Amphodelite,  88. 
Analcite,  129,  132. 
Anatase,  vide  Octahedrite. 
Anauxite,  170,  176. 
Andaiusite,  89,  169,  176. 
Andesite,  128, 132. 
Anglesite,  259,  269. 
Anhydrite,  88,  142,  148. 
Ankerite,  144. 
Annabergite,  243,  247. 
Anniorite,  288,  298. 
Anorthite,  89,  14(5, 154. 
Antholite,  159,  166. 
AnlhophvlUle,  159,  166. 
Anthosiderite,  220,  233. 
Anthracite,  355,  357. 
Anthracoxene,  356. 
Antimon-arsennickelglam,  243,  247 
Antimonial  copper,  288. 
silver,  306. 
Antimonkupferfjiam,  288. 
Antimony,  327,  332. 
Antrimolite,  129. 
Apatelite,  216,  228. 
Apatite,  89,  143,  149,  384. 
Aphrodite,  160,  166. 
Aphrosiderite,  171, 176. 
Aphtliitalite,  120,  124. 
Aphtlionite,  288,  298. 
Apj(jhnite,  158. 
Apophylliie,  122,  126. 
Araeoxene,  260,  272. 
Aragouite,  90,  142,  143, 151 
Arfvedsonite,  128,  133. 
Argentite,  307;  311. 
Arkansite,  322,  324. 
Arksutite,  127 
Arquerite,  302,  305. 
Arsenic,  344,  345. 
Arsenic  silver,  306. 
Arsenical  antimony,  327 

bismuth,  344,  346 

copper,  287. 
Arseniosiderite,  218,  230. 
Arseuolite,  345, 349. 
Arsenopyrite,  214,  226. 
Asbestus,  159,  166. 
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Asbolite,  207,  212. 
Aspasiolite,  170,  176. 
Asphaltum,  356,  358. 
Astrophyllite,  121,  126. 
Atacamite,  289,  298. 
Atelestite,  279. 
Auerbachite,  194,  197. 
Augelite,  169. 
Augite,  146,  154. 
Aur'ichalcite,  250,  254. 
Automolite,  250,  255. 
Autimite,  88,  284,  286. 
Aventurine,  362. 
Axinite,  88,  146,  154,  387. 
Azorite,  145. 
Azurite,  290,  300. 

Babingtonite,  146, 154. 
Baikaiite,  145,  154. 
Baltimorite,  100,  166. 
Bamlite,  169. 
Barite,  89,  137,  138. 
Barnhardite,  288,  297. 
Barrandite,  169. 
Barsowite,  146,  154. 
Barytes,  137. 

Baiytocalcite,  90,  137, 139. 
Barytocelestite,  137,  138. 
Basalt,  131. 
Basanomelan,  218. 
Bastite,  161,  166. 
Bathvillite,  856. 
Batrachite,  145,  154.  . 
Baulite,  123,  126. 
Bayldonite,  290. 
Beauxite,  168. 
Becbilite,  144. 
Berlinite,  169. 
Berthierine,  219. 
Bertbierite,  327,  333. 
Beryl,  89, 178, 179. 
Berzelianite,  287, 296. 
Berzeliite,  144,  152. 
Beudantite,  218,  331. 
Bieberite,  237,  241. 
Bibarite,  161,  166. 
Bindheimite,  261,  273. 
Binnite,  288,  298. 
Biotite,  121. 
Bismite,  279,  282. 
Bismutb,  carbonate,  379. 

glance,  278. 

native,  278, 381. 

ocbre,  279. 
Bismutbinite,  278,  282. 
Bismutbit,  279,  282. 
Bismutite,  279,  283. 
Bituminous  coal,  356,  358. 
Black-band,  355,  357. 
Black  manganese,  207. 
Bleiscbweif,  257,  266. 


Blende,  249. 
Bloedite,  127,  163. 
Blue  malachite,  290. 
Bobierrite,  158. 
Bodenite,  181,  192. 
Bog  iron  ore,  215,  228. 
Bole,  171,  176. 
Bolivianite,  307. 
Boltonite,  159,  166. 
Boracic  acid,  360. 
Boracite,  88,  158,  165. 
Borax,  88,  128,  383. 
Bornite,  287,  296. 
Borocalcit,  144, 151. 
Boronatrocalcit,  vide  Ulexite. 
Bosjemanite,  158,  163. 
Botryogen,  216,  228. 
Botryolite,  88,  147,  156. 
Boulangerite,  258,  266. 
Bournonite,  258,  268. 
Bowenite,  160,  166. 
Branchite,  355. 
Brandisite,  161,  166. 
Braunite,  207,  211. 
Bredbergite,  159,  166. 
Breitbauptite,  242,  246. 
Breunerite,  158,  165. 
Brevicite,  88,  139. 
Brewsterite,  137. 
Brittle  silver  ore,  307. 
Brocliantite,  289,  299. 
Bromlite,  137,  139. 
Bromyrite,  308,  814. 
Brongniardite,  307. 
Bronzite,  159,  166. 
Brookite,  322,  824. 
Brown  coal,  356,  358. 
Bruecknerellite,  356. 
Brucite,  89, 157, 163. 
Brusbite,  143. 
Bucbolzite,  169. 
Bucklandite,  146, 154 
Bunsenite,  343. 
Buratite,  250,  254. 
Butyrellite,  356. 
Bytownite,  128, 133. 

Cabrerite,  243. 
Cacboloug,  363. 
Cacoxenite,  217,  230. 
Calamine,  89,  250,  255. 
Calcioferrite,  217,  229. 
Calcite,  90,  143,  150. 
Caledonite,  259,  269. 
Callainite,  169. 
Calomel,  303,  306. 
Campylite,  260. 
Cancrinite,  130, 133. 
Canton  ite,  387. 
Capillary  pyrites,  215. 
Caporcianite,  146, 154. 
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Carbonate  of  soda,  127. 
Carminite,  218,  230. 
Caruallite,  120,  1G2. 
Carnelian,  362. 
Carpholite,  89,  171, 176. 
Carphosiderite,  216. 
Carrollite,  236,  241. 
Cassiterite,  89,  275,  277. 
Castillite,  289. 
Castorite,  132. 
Catapleiite,  194,  197. 
Cataspilite,  129. 
Coladonite,  220,  283. 
Celestite,  88,  140,  141. 
Cerargyrite,  308,  314. 
Cerine,  200,  204. 
Cerinite,  147,  154. 
Cerite,  89,  200,  203. 
Cerolite,  161,  166. 
Cerussite,  260,  271. 
Cervantite,  328,  333. 
Ceylonite,  162,  167. 
Chabazite,  123,  126. 
Chalcanthite,  289,  299. 
Chalcedony,  362. 
Chalcocite,  287,  296. 
Chalcodite,  226. 
Chalcophyllite,  290,  301. 
Chalcopvrite,  288,  298. 
Chalcosl'ibite,  288,  298. 
Chalcotrichite,  289. 
Chalilite,  147,  154. 
Chalk,  144. 
Chalybite,  217. 
Chamoisite,  219,  233. 
Chenevixite,  290. 
Chesterlite,  121. 
Chiastolite,  169,  176. 
Childreuite,  217,  230. 
Chileite,  260,  272. 
Chilenite,  306,  311. 
Chiolite,  127,  l't2. 
Chiviatite,  258,  262. 
Chloauthite,  242,  247. 
Chloiastrolite,  146,  154. 
Chluritoid,  89,  170,  176. 
Chloropal,  220,  23^. 
Chlorophseite,  220,  223. 
Chlorospluel,  162,  167. 
Chodneffite,  127. 
Chondrarsenite,  209,  213. 
Chondrodite,  161,  166. 
Choncrite,  146,  154. 
Chrismatite,  356. 
Christophite,  249. 
Chrome  garnet,  145,  344. 
Chrome  ochre,  89,  170,  340,  348. 
Chromglimmer ,  121. 
Chromic  h'on,  }  r,(.  9-. «  900 
Chromite,         f  ^^'  ^^^'  2^^- 
Chrysoberyl,  89,  178, 180. 


Chrysocolla,  291,  .303. 
Chrysolite,  89,  159,  166. 
Chrysoprase,  362. 
Chrysotile,  vide  Serpentine. 
Churchite,  200,  202. 
Cimolite,  171,  170. 
Cinnabar,  303,  305. 
Cinnamon  stone,  145,  154. 
Cirrolite,  169. 
Claudetite,  345. 
Clausthalite,  257,  265. 
Clay-ironstone,  215,  228. 
Clayite,  258,  267. 
Clingmaunite,  vide  Margarite. 
Clinkstone,  123. 
Clinochlore,  vide  Ripidolite. 
Clinoclase,  290,  300. 
Cliutonite,  147,  154. 
Cobalt  bloom,  237,  243. 
Cobalt  pyrites,  236. 
Cobaltite,  236,  240. 
Co^cinite,  303. 
Coccolite,  145. 
Cockscomb  pyiites,  215. 
Coke,  507. 
Collyrite,  170,  176. 
Colophonite,  145,  154. 
Columbite,  219,  233. 
Common  salt,  127,  383. 
Comptonite,  129,  132. 
Conarite,  244. 
Condurrite,  287,  295. 
Conichalcite,  290,  301. 
Couite,  144. 
Connellite,  289. 
Cookeite,  133. 
Copalite,  356. 
Copiapite,  216,  228. 
Copper,  native,  287,  295. 

glance,  287. 

nickel,  242. 

pyrites,  288. 

uranite,  284. 

vitriol,  289. 
Copperas,  216,  228. 
Coquimbite,  216,  228. 
Coracite,  284,  286. 
Cordierite,  159,  166. 
Corneous  lead,  259. 
Coruwallite,  290,  301. 
Corundophilite,  161,  166. 
Corundum,  168,  172. 
Curynite,  243. 
Cotunnite,  259»  269. 
Coupholite,  146. 
Couserauite,  122,  126. 
Covollite,  287,  296. 
Creduerite,  207,  213. 
Crichtonite,  218. 
Crocidolite,  88,  129. 
Crocoite,  260,  271. 
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Cronstedtite,  88,  219,  333. 
Crookesite,  387,  296. 
Cryolite,  88,  137, 173,  385. 
Ciyophillite,  133, 136,  133. 
Cryptolite,  300,  202. 
Cubanite,  388,  298. 
Cummingtonite,  vide  Ampliibole. 
Cuprite,  289,  399. 
Cuproplumbite,  358,  367. 
Cuproscheelite,  391,  303. 
Cyanite,  89,  169,  176. 
Cyanochroite,  120,  399. 
Cyanosite,  389. 
Cyanotrichite,  389,  299. 
Cyprine,  145,  154. 

Daleminzite,  307. 
Daraourite,  132,  126. 
Danaite,  214,  227. 
Danalite,  178,  180. 
Danburite,  146,  154. 
Dark  red  silver  ore,  307. 
Datolite,  88,  147, 156. 
Davyne,  130,  132. 
Dechiuite,  260,  372. 
Degeroite,  219. 
Delessite,  161,  166. 
Delvauxite,  317,  229. 
Dermatine,  161,  166. 
Descloizite,  260,  273. 
Deweylite,  160,  166. 
Diaclasite,  159,  166. 
Diadochite,  317,  339. 
Diallage,  vide  Sahlite. 
Dialogite,  308. 
Diamond,  355,  357. 
Dianite,  vide  Colurabite. 
Diaspore,  89,  168,  173. 
Dichroite,  89,  159,  160. 
Digenite,  287,  396. 
Dibvdrite,  390,  300. 
Dillnile,  170,  176. 
bimorphite,  344. 
Diopside,  145,  154. 
Dioptase,  80,  291,  302. 
Diphanite,  146. 
Diploite,  122,  126. 
Dipyre,  128,  132. 
Disterrite,  161. 
Disthene,  vide  Cyanite. 
Dolomite,  90, 143,  151. 
Domeykite,  287,  295. 
Dopplerite,  356. 
Dreelite,  137,  139,  149. 
DufVenite,  217,  339.       ' 
Dufreuoysite,  358,  267. 
Durangite,  133. 
Dyscfasite,  306,  311. 
Dysluitc,  250,  256. 
Dysodile,  356,  359. 


Eartliy  cobalt,  307,  213, 337. 
Edelfoi-site,  vide  Wollastouite. 
Edelite,  146. 
Edenite,  159,  166. 
Edingtonite,  137. 
Egeran,  145. 
Eblite,  390,  300. 
Ekebergite,  146,  154. 
Ekmannite,  330,  233. 
Elfeolite,  88,  132, 126. 
Elaterite,  356. 
Electrum,  318. 
Eliasite,  384,  386. 
Ellagite,  170,  176. 
Embolite,  308,  314. 
Embritbite,  358. 
Emerald,  89,  178,  179. 
Emerald  nickel,  343. 
Emervlite,  vide  Margarite. 
Emplectite,  379,  382. 
Euargite,  288,  297. 
Enstatite,  89,  159,  166. 
Ephesite,  171,  176. 
Epichlorite,  161,  166. 
Epidote,  89,  146,  154. 
Epistilbite,  130,  132. 
Epsomite,  90,  158,  163. 
Erdbarz,  356. 
Erdmanuite,  200. 
Erinite,  290,  301. 
Erlanite,  139,  133. 
Erubescite,  287. 
Erythrite,  237,  241. 
Esmarkite,  161. 
Essonite,  145,  154. 
Eucairite,  307,  311. 
Euchroite,  290,  301. 
Euclase,  89,  178,  179. 
Eucolite,  130,  194. 
Eudialyte,  88,  130,  195. 
Eudnopliite,  129. 
Eulytite,  279,  283. 
Euosmite,  356. 
Euphyllite,  171,  176. 
Eusyncbite,  260,  272. 
Euxeuiie,  87,  181. 
Evansite,  169. 

Fablunite,  88,  129,  133. 
Faroelite,  139. 
Fassaite,  146,  154. 
Faujasite,  1?9,  133. 
Fauserite,  308. 
Fayalite,  330, 333. 
Featlier  ore,  258,  366. 
Feldspar,  131. 
Felsobanyite,  168,  173. 
Ferberite,  318. 
Fergusouite,  181, 186. 
Ferrotitanite,  vide  Schorlomite. 
Fibroferrite,  318. 
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FiBrolite,  169, 176. 
Fichtelite,  355. 
Fieldite,  288,  298. 
Fiorite,  363. 
Fireblende,  307. 
Fire-opal,  363. 
Fischerite,  169, 175. 
Flint,  362. 
Float-stone,  363. 
Fluellite,  168. 
Fluocerine,  89,  200,  202. 
Fluocerite,  199,  202. 

Forsterite,  159,  166. 
Fonrnetite,  288,  298. 
Francolite,  143,  149. 
Frankliiiite,  207,  212. 
Freibersite,  288. 
Frcieslebenite,  308,  313. 
Fuchsite,  121. 
Fuller's  earth,  171. 
Fuukite,  145,  154. 

Gadolinite,  89,  181,  191. 
Gahnite,  89,  250,  255. 
Galactite,  129. 

Gal'u'e,    [  257,  266. 
Garnet,  88,  145. 
Gay-Lussite,  88,  128,  151. 
Gearksutlte,  142. 
Gehlenite,  89,  145,  154. 
Gelbekenerz,  120,  127,  229. 
Genthite,  160,  166,  243. 
Geocerellite,  356. 
Geocerite,  356. 
Geocronite,  257,  266. 
Geomvricite,  356. 
GersdofEte,  243,247. 
Gibbsite,  89,  168,  173. 
Gieseckile,  122,  126. 
Gigantolite,  123,  126. 
Gilbertite,  170,  176. 
GilliiJgite,  219,  283. 
Gismondiie,  122,  126. 
Glagerite,  170. 
Glaserite,  120,  124. 
Glaubapatite,  143,  150, 
Glauber  salt,  127,  382. 
Glauberite,  88,  127,  149. 
Glaucodot,  236,  240. 
Glaucolite,  vide  Wernerite. 
Glaucouite,  220. 
Glaucopbane,  128,  132. 
Gliukite,  vide  Chrysolite. 
Glockerite,  215,  228. 
Gmeliuite,  123,  126. 
Gold,  318,  320. 
Gold  amalsam,  318,  321. 
Gongylite,l22,  126. 


Goslarite,  250,  254. 
GOthite,  215,  228. 
Gramenite,  220. 
Graniniatite,  159,  166. 
Graphic  tellurium,  318. 
Graphite,  355,  357. 
Gray  antimony,  327. 
Gray  copper,  288. 
Gray  manganese,  207. 
Green  earth,  220,  233. 
Greenockite,  256,  257. 
Greenovite,  147,  156. 
Groppite,  122,  126. 
Groroilite,  207,  212. 
Grossularite,  145,  154. 
Grilnauite,  243,  247. 
Grunerite,  219,  233. 
Guarinite,  147,  156. 
Guayacanite,  288. 
Guhrhotian,  144. 
Gummite,  284,  286. 
Guyaquillite,  356. 
Gymnite,  160,  166,  243. 
Gypsum,  88, 142,  148. 
Gyrolite,  140,  154. 

Haidingerite,  144, 152. 
Halite,'l27. 
Halloysite,  170,  176. 
Halotrichite,  216,  229. 
Harmolome,  137,  139. 
Hariingtonite,  129. 
Hartite,  355. 
Hatchettite,  356. 
Hauerite,  207,  211. 
Hausmannite,  207,  211. 
Hailynite,  88,  130,  133. 
Haydenite,  123,  126. 
Hedenber^ite,  145,  154. 
Hedyphane,  259,  270. 
Heliotrope,  362. 
Helvite,  88,  178,  179. 
Hematite,  215,  228. 
Hepatic  cinnabar,  303,  306. 
Hepatic  pvritcs,  215. 
Hercyniti-",  162,  167. 
Herderite,  143. 
Hcrschelite,  122,  126. 
Hessite,  307,  311. 
Heterocline,  208. 
Heteromorphite,  258. 
Heterosite,  88,  208,  213. 
Heulandite,  147,  154. 
Hielmite,  181,  186. 
Hircite.  356. 

Hisingerite,  89,  219,  233. 
lloeruesite,  158. 
Holmite,  194,  197. 
Homichliu,  288,  297. 
Hornblende,  159,  166. 
Horn  quicksilver,  303. 
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Horn  silver,  308. 
Hornstone,  362. 
How  lite,  143. 
Huebnerite,  208,  213. 
Hnmboldtilite.  123.  126. 
Humboldtine,  217,  230. 
Humite,  161. 
Hnreaulite,  208,  213. 
Hj^acinth,  194. 
Hyalite,  363. 
Hyalophaue,  121,  126. 
Hyalosiderite,  159,  166. 
Hydrargillite,  168. 
Hydroapatite,  143,  150. 
Hydroboracite,  88,  144,  151. 
Hydroborocalcite,  141,  151. 
Hydrodolomite,  143,  151. 
Hydrolite,  123,  126. 
Hydromagnesite,  158,  165. 
Hj'dropbane,  363. 
Hydrophite,  161,  166. 
Hydropit,  208. 
Hydrotalcite,  162,  167. 
Hydrozincite,  250,  254. 
Hypersthene,  89, 159,  166. 
Hypocblorite,  279,  283. 
Hyposclerite,  128,  132. 
Hypostilbite,  130. 

Iberite,  123. 
Idrialite,  355,  357. 
Idocrase,  88,  145,  154. 
Iglesiasite,  250,  254. 
Ilmenite,  218. 
Ilmenorutile,  322. 
Ilvaite,  146,  154. 
Indianite,  128,  132. 
Indigo  copper,  287. 
lodyrite,  308,  315. 
lolite,  89,  159,  166. 
Iridium,  315. 
Iridosmiue,  315,  317,  318. 
Irite,  316,  318. 
Iron,  native,  214,  226. 
meteoric,  214,  226. 
titanic,  90. 
Iron  ore,  bog,  215,  228. 

brown,  215,  228. 

magnetic,  215,  228. 

red,  215,  228. 

spathic,  217,  230. 

specular,  215,  228. 
Iron  pyrites,  215. 
Iserite,  218. 
Isopyre,  146,  154. 
Ittnerite,  130. 
Ivaaijite,  147,  156. 

Jadeite,  128. 
Jalpaite,  307,  313. 
Jamesouite,  258,  266. 


Jarosite,  120,  216,  228. 
Jasper,  362. 
Jasp-opal,  363. 
Jefferisite,  160,  166. 
Jeffersonite,  145,  154. 
Jenkinsite,  161,  166. 
Johannite,  284,  286. 
Jollyte,  220,  233. 
Joseite,  278,  283. 

Kainite,  130. 
Kalaite,  vide  Turquois. 
Kalinite,  90, 173,  385. 
Kulkvolborlhit,  391,  303. 
Kammererite,  160,  166. 
Kaneite,  307,  311. 
Kaolin,  170,  176. 
Kaolinite,  171. 
Karelinite,  379,  282. 
Keilhauite,  147,  156. 
Kerargyrite,  vide  Cerargyrite. 
Kermesite,  327,  333. 
Kerstenite,  260,  271. 
Kibdelophane,  218. 
Kieserite,  158,  163. 
Kilbrickenite,  258,  266. 
Killiuite,  133. 
Kischtimite,  300,  203. 
Knebelite,  208,  213. 
Kobellite,  258,  368. 
Koenlite,  355,  357. 
Kottigite,  250,  255. 
Krabiite,  123,  126. 
Krantzite,  356. 
Kraurite,  217. 
Kreittonite,  250,  255. 
Kremersite,  120, 124. 
Kiipferblau,  291, 
K>/pfirbk7ide,  288,  397. 
Kwpfarshwdrze,  389,  399. 
Kupfferite,  159,  166. 
Kyanite,  vide  Cyanite. 
Kymatin,  159,  166. 
Kyrosite,  215,  238. 

Labradorite,  88,  138,  132. 
Lagonite,  217. 
Lampadite,  207,  313. 
Lampropbanite,  359,  270. 
Lanarkite,  259,  270. 
Lancasterite,  158,  165. 
Laugite,  289,  299. 
Lanthanite,  200,  203. 
Lapis  lazuli,  88,  130. 
Larderellite,  136,  360. 
Lasurapatite,  143. 
Latrobile,  122,  126. 
Launiontite,  146,  154. 
Laurite,  316. 
Lava,  131. 
Laveudulan,  237,  343. 
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Lazulite,  89;  158,  164. 

Lead,  earthy  carbonate,  260,  271. 

native,  257,  265. 
Leadhillile,  259,  270. 
Lead  vitriol,  vide  Anglesite. 
Leberblende,  249,  253. 
Lecontito,  127. 
Ledereiite,  129,  132. 
Lehrbacliite,  257,  265. 
Lehiintite,  129. 
Leonliardite,  146,  154. 
Lepidocrocite,  215. 
Lepidolite,  121,  126. 
Lepidomelaue,  121,  126. 
Leuchtenbergite,  161,  166. 
Leucite,  89,  121,  126. 
Leucopetrite,  356. 
Leucophanite,  130,  180. 
Leucopyrite,  214,  226. 
Levyuite,  123, 126. 
Libethenite,  290,  300. 
Liebenerite,  123,  126. 
Liebigite,  284,  286. 
Lievrite,  146, 154. 
Liglit  red  silver  ore,  307. 
Lignite,  356. 
Limestone,  144. 
Lime  uranite,  284. 
Limnite,  215,  228. 
Limouile,  215,  228. 
Linarite,  259,  269. 
Liudackerite,  290. 
Linnfeite,  236,  241. 
Liroconito,  290, 301. 
Loliugite,  vide  Leucopyrite. 
Louchidite,  215,  237. 
Lotalite,  145,  154. 
Loweite,  127. 
Lowigite,  120,  124. 
Loxoclase,  121. 
Lydian  stone,  362. 

Magnesioferrite,  157,  162,  228. 
Maguesite.  90, 158, 165. 
Magnetic  pyrites,  214. 
Maguelite,  215,  228. 
Malachite,  290,  300. 
Malacolite,  145,  154 
Malacon,  194,  197. 
Malthacite,  171,  176. 
jVIangaublendo,  207. 
Manganite,  207,  211. 
Mangaukiesel,  208. 
Manganocalcite,  208,  218. 
3Iarcasite,  215,  227. 
Marceliue,  208,  213. 
Margai'ite,  170,  176. 
Margarodite,  122. 
Marialite,  128. 
Marl,  144. 
Marmatite,  249. 


Marmolite,  160,  166. 
Mascagnite,  136,  383. 
Masonite,  170. 
jVIassicot,  259,  269. 
Matlockite,  259,  269. 
Medjidite,  284,  286. 
Meerschaum,  161, 166. 
Megabasite,  202,  261. 
Megabromite,  308. 
Meionite,  146,  154. 
Melaconite,  289,  299. 
Melanellite,  356. 
Melanite,  145,  154. 
Melanochroite,  271. 
Melauolite,  220,  233. 
Melanterite,  216,  228. 
Melilite,  122,  126. 
Melinite,  220,  233. 
Meliphanite,  130. 
Mellite,169,  176. 
Meloniie,242,  246,353. 
Meuaccanite,  218,  232. 
Mendipite,  259,  269. 
Mendozite,  127,  174. 
Meneghiuite,  258,  266. 
Mengite,  194. 
Menilite,  362. 
Mercury,  302,  305. 

iodide,  306. 
Mesitite,  158,  105. 
Mesolin,  123,  126. 
Mesolite,  129,  133. 
Metabrushite,  143. 
Metachlorite,  220,  233. 
Meteoric  iron,  214,  226. 
Meteorites,  124. 
Miargyrite,  307,  313. 
Mica,  88,  121, 126. 
Microbromite,  308. 
Miciocliu,  121. 
Microlite,  145. 
Middletonite,  356. 
Miesite,  259. 
Millerite,  243,  247. 
Miloschite,  169,  176. 
Mimelite,  259,  270. 
Mineral  coal,  355,  356. 

oil,  355. 
Minium,"259,  209. 
Mirabilite,  127,  382. 
Misenite,  120,  124. 
jMispickel,  214,  226. 
Misy,  vide  Copiapite. 
Mizzouite,  128. 
Mocha  Btone,  303. 
Molybdenite,  336,  337. 
Molybdic  ochre,    )    ■       „„„ 
Molybdite,  \  ^*^"'  *^^^- 

Molysite,  215. 
Monazite,  200,  203. 
Mouazitoid,  200,  203. 
84 
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Moniraolite,  261,273. 
Monradite,  161,  166. 
Mourolite,  169. 
Montanite,  279,  283. 
Monticellite,  145,  154. 
Montmorillonite,  171,  176. 
Mordcnite,  130. 
Morenosite,  243,  248. 
Mosandrite,  201,  206. 
Mountain  cork,^^  J  ^.^^^^^^^^^3 

Milllerite,  319,  32i. 
Muromontite,  181,  192. 
Muscovite,  121. 
Mussite,  145,  154. 
Myelin,  169,  176. 

Nacrite,  tide  Nakrit 
Nakrit,  171,  176. 
Nagyagite,  258,  267. 
Naplitha,  355. 
Naphthalin,  356. 
Native  iron,  214,  226. 
Natrolite,  129,  132. 
ISTatron,  127,  382. 
Naumannite,  307,  311. 
Needle-ironstone,  215. 
Nemalite,  157,  162. 
Neolite,  161,  166. 
Neotocite,  209. 
Nephelite,  89, 122,  126. 
Nephrite,  159,  166. 
Neurolite,  147,  154. 
Niccolite,  242,  246. 
Nickel,  arsenate,  243,  248. 

glance,  vide  Gersdorffite. 

gymnite,  160,  243, 

ochre,  243. 

vitriol,  243. 
Nickeliferous  gray  antimony,  247. 
Niobite,  219. 
Nitre,  121,  382. 
Nitrocalclte,  143. 
Nontronite,  220,  233. 

Nussierite,  259. 

Obsidian,  123. 
Ochre,  215,  228. 
Octahedrite,  322,  324. 
(Ellacherite,  122. 
(Erstedite,  89,  194,  196. 
Okenite,  88,  146,  154. 
Oligoclase,  88,  128. 
Olivcnite,  290,  300. 
Olivine,  89,  159,  166. 
Oncosine,  122, 126. 
Onofrite,  303,  305. 
Onyx,  362. 
Opal,  362,  063. 


Orangite,  198. 
Oropion,  171. 
Orpiment,  344,  348. 
Orthite,  88,  200,  204. 
Orthoclase,  89,  121,  126,  387. 
Osmiridium,  315. 
Osteolite,  143. 
Ottreolite,  171, 176. 
Oavarovite,  90,  145,  344. 
Oxalite,  vide  Humboldtine. 
Ozarkite,  vide  Thomsonite. 
Ozocerite,  356,  357. 

Pachnolite,  127. 
Pacite,  215. 
Palagonite,  147,  154. 
Palladium,  315,  317. 
Palladium  gold,  318,  321. 
Paraffin,  356. 
Paragonite,  130. 
Paragolite,  129. 
Paraluminite,  168. 
Paranthite,  146,  154. 
Parastilbite,  130. 
Parathorite,  219,  232. 
Pargasite,  159,  166. 
Parisite,  200,  203. 
Partschinite,  208,  213. 
Partzite,  328. 
Passauite,  128,  132. 
Paulite,  vids  Hypersthene. 
Pearlstone,  122,  126. 
Pectolite,  88,  129, 132. 
Peganite,  109,  174. 
Pencatite,  143,  151. 
Penninite,  160, 106. 
Pentlaudile,  243,  248. 
Peplolite,  100. 
Percy  lite,  259,  289,  299. 
Periclasite,  157,  162. 
Pericline,  128. 
Peridot,  159,  166. 
Perofskite,  145,  153. 
Perthite,121. 
Petalite,  89,  132. 
Petroleum,  355. 
Pettkoite,  217. 
Petzite,  307,  311. 
Phacolite,  123. 
Pharmacolile,  88,  144,  152. 
Pharmacosiderite.  88,  218,  230. 
Phenacite,  89,  178. 
Phillipsite,  123,  126. 
Phlogopite,  121. 
PhcEuicoohroite,  260,  271. 
Pholerile,  170,  176. 
Phonolile,  123. 
Phosgenite,  259,  269. 
Phosphocerite,  200,  202. 
Phosphochalcite,  289. 
Phosphorite,  vide  Apatite. 


INDEX    OF    MINEEALS. 


531 


Photicite,  208. 
Phyllinrjhim,  319,  331. 
Phyllite,  171. 
Pirtu/.ite,  35G. 
Pickeringite,  158,  163. 
Picranalcime,  160. 
Picrolite,  160,  166. 
Picromerite,  120,  124. 
Picropharmacolite,  144,  153. 
Plcropbyll,  161,  166. 
Picrosmine,  89,  160,  166. 
Piednioatite,  208,  213. 
Pihlite,  123. 
Pimelite,  89,  244,  248. 
Piuguite,  220,  233. 
Pinite,  89,  123,  126. 
Piotine,  161,  166. 
Pisanite,  216. 
Pissophauite,  216,  239. 
Pi.slacite,  146,  154. 
Pi.stoinesite,  158,  165. 
Pitchblende,  283. 
Pitchstone,  129. 
Pitticite,218,"230. 
Pittinite,  284. 
Pittolium,  356. 
Plagiouite,  258,  366. 
Plasma,  363. 
Platinum,  315,  316. 
Platiuiridium,  315,  316. 
Plattnerite,  259,  269. 
Pleonaste,  162. 
Plinthile,  171,  176. 
Plumbic  ocbro,  269. 
Pkunbocalcite,  143,  151. 
Plumboj^ummite,  (   qq  oro  o-n 
Pluraboi-esialte,     \  ^^^  2^^'  ^'O- 
Plumbostib,  258. 
Poliauite.  207,  212. 
PoUucite,  139. 
Polj'adelphite,  145. 
Polyargite,  123. 
Polybasite,  307,  313. 
Polycrase,  181,  187. 
Polvhalite,  88,  120,  148. 
•Polymignite,  90,  181,  190. 
Polj^sphaeiite,  359. 
Porcellansinxib,  138. 
Porphyry,  123. 
Prase,  363. 
Praseolite,  161. 
Precious  opal,  363. 
Predazzitc,  143,  151. 
Prehnite,  146,  154. 
Prehnitoid,  138. 
Procblorite,  161,  166. 
Prosopite,  143,  168. 
Proustite,  307,  313. 
Psendonialachite,  389,  300. 
Psendoi)hite,  161,  166. 
Pseudotriphite,  317,  339. 


Psilomelane,  307,  311. 
Pumice,  133. 
Purple  copper,  287. 
Puschkinite,  146,  154. 
Pycnite,  171,  177. 
Pyrallolite,  161,  166. 
Pyrarsrillite,  88,  123,  126. 
Pyrargyrite,  307,  312. 
Pyrgom,  vide  Fassaite. 
Pyrite,  pyrites,  215,  237. 
Pjaoauriie,  157. 
Pvnjcblore,  89,  144,  153. 
Pvrochroite,  307,  313. 
Pyroclasite,  143,  150. 
Pyrolusite,  307,  313. 
Pyromorphite,  359,  370. 
Pyrope,  88,  159,  166. 
PyropbyTlite,  89,  171,  176. 
Pyrophysalite,  171,  177. 
Pvroretiu,  356. 
Pyrothite,  88,  300,  305. 
Pyrosclerite,  160,  166. 
Pyrosmalite,  88,  330,  323. 
Pyrostilpnite,  307,  313. 
Pyroxene,  145,  154. 
Pyrrhite,  194. 
Pyrrliosiderite,  215. 
Pyrrhotite,  214,  337. 

Quartz.  89,  363. 
Quecksilberbraudcrz,  355,  357. 

Raimondite,  217. 
Piammelsber;;ite,  343,  247. 
Raphilite,  159,  166. 
Hazouinofiskin,  171,  176. 
Realgar,  344,  348. 
Red  antimony,  327. 
Red  copper,  389. 
Red  lead  ore,  360. 
Red  silver  ore,  358. 
Remington  ite,  337. 
Rensselaerite,  159,  166. 
Retinalite,  139,  133. 
Retiuellite,  356. 
Retinite,  356,  358. 
Rhodium  gold.  318,  331. 
Rliodizite,444,  153. 
Rhodoclirume,  160,  166. 
Rhodochrosite,  308,  313. 
Rhodonite,  88,  308. 
Ripidolite,  161,  166. 
Ritiingerite,  307. 
Rochlederite,  356. 
Rock  crystal,  363. 
Rock  salt,  vide  Halite. 
Roemerite,  316. 
Roesslerite,  158. 
Romeite,  144,  153. 
Rose  quartz,  363. 
Rosellau,  vide  Rosite. 
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Rosite,  122, 126. 
Rottisite,  243. 
Ruby,  168. 
Ruby  silver,  307. 
Rutberfordite,  200. 
Rutile,  89,  322,  324. 

Saccharite,  129,  132. 
Sahlite,  145,  154. 
Bal  ammoniac,  136,  383. 
Saltpetre,  vide  Nitre. 
Samarskite,  181,  186. 
Samoite,  170,  176. 
Saponite,  88,  161,  166. 
Sapphire,  168,  363. 
Sappbirine,  159,  166. 
Sardonyx,  362. 
Sartorite,  258. 
Sassolite,  88,  360,  361. 
Saussurite,  128,  132. 
Seapolite,  88,  146,  154. 
Scbapbacbite,  308,  314. 
Scbeelite,  89,  144,  152. 
Scbeererite,  356,  358. 
Scbiller  spar,  161,  166. 
Scblanite,  356. 
Scborlomite,  147,  156. 
Scbreibersite,  215. 
Scbrotterite,  170,  176. 
Scbwartzembergite,  259,  269. 
Scleretinite,  356. 
Scolecite,  146,  154. 
Scolopsite,  130. 
Scorodite,  88,  218,  230. 
Scotiolite,  219. 

Selenkupferquecksilber,  287,  296. 
Selenguecksilberkupferblei,  266. 
Selenbleikuqyfer,  257,  265. 
Selenkupferblei,  257,  265. 
Semiopal,  363. 

Senarmoutite,  328,  333. 

Sepiolite,  161,  166. 

Serpentine,  89,  160,  166. 

Seybertite,  147,  154. 

Siderite,  217,  230. 

Sideromelane,  122,  126. 

Sideroplesite,  158,  165. 

Sideroscbisolite,  89,  219,  233. 

Silliraanite,  169. 

Silver,  306,  311. 

Silver  glance.  307. 

Sismondine,  170. 

Skutterudlte,  236,  240. 

Slate,  124. 

Sloanite,  171,  176. 

Smaltite,  236,  240. 

Smectite,  171,  176. 

Sniitbsonite,  250,  2.54. 

Smoky  quartz,  3()2. 

Soapstone,  161,  166. 

Soda,  127. 


Soda  nitre,  127. 
Sodalite,  88,  89,  130,  132. 
Sordavalite,  88,  161,  166. 
Spadaite,  161,  166. 
Spessartite,  90,  209,  233. 
Specular  iron,  215,  228. 
Spbaerite,  169. 
Spbalerite,  249,  253. 
Spbene,  147. 
Spberulite,  122. 
Spinel,  162,  167. 
Spodumene,  88,  132. 
Stanekite,  356. 
Stannit,  275,  277. 
Stannite,  275,  277. 
Stassfurtite,.  158,  165. 
Staurolite,  90, 169,  176. 
Steatite,  89, 159,  166. 
Steinheilite,  vide  lolite. 
Steinmanuite,  257,  266. 
Stepbanite,  307,  312. 
Stercorite,  136. 
Sterubergite,  307,  313. 
Stetefeldtite,  328. 
Stibicottite,  328. 
Stibnite,  327,  332. 
Stilbite,  147,  154. 
Stilpnomelane,  220,  233. 
Stilpnosiderite,  vide  Limonitft. 
Stolzite,  261, 273. 
Stratopeite,  209. 
Striegisan,  169,  175. 
Stroganovite,  130, 132. 
Stromeyerite,  307,  313. 
Strontianite,  90,  141. 
Struvite,  136. 
Stylotypite,  307. 
Stypticite,  216. 
Succinellite,  356. 
Succinite,  145,  154. 
Sulpbatite,  vide  Sulpburic  acid. 
Sulpbur,  364,  365. 
Sulphuric  acid,  364. 
Sundvikite,  129. 
Susannite,  259,  270. 
Sussexite,  209,  213. 
Svanbergite,  127. 
Syenite,  124. 
Syepoorite,  236,  241. 
Sylvanite,  318,  321. 
Sylvite,  120,  124. 
Symplesite,  218,  231. 
Szaibelyite,  158,  165. 

Tachyaphaltite,  194, 197. 
Tachydrite,  142,  162. 
Tachylite,  122.  126. 
Tagilite,  290,  300. 
Talc,  88,  89,  159,  166. 
Talcapatite,  143. 
Tallingite,  289,  299. 
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Tantalite,  90,  219.  233. 
Tapiolite,  219,  233. 
Tarnovicite,  151,  260. 
Tasmanite,  356. 
Tautoclin,  144. 
Tavistockite,  143. 
Tecoretin,  355. 
Telluric  bismuth,  278. 
Tellurium,  351. 
Tengerite,  182. 
Tennantite,  288,  296. 
Tenorite,  289. 
Tepbroite,88,  208,  213. 
Teratolite,  171,  176. 
Tescliemaclieiite,  136. 
Tetartine,  vide  Albite. 
Tetradymite,  278,  281. 
Tetrahedrite,  288,  297. 
Tlialite,  161,  166. 
Tharandite,  143. 
Thenardite,  127,  382. 
Thermonatrite,  128,  382. 
Thermophyllite,  160,  166. 
Tliomseuolile,  127. 
Thomsouite,  129,  132. 
Thorite,  90,  198. 
Thraulite,  220. 
Thrombolite,  290,  300 
Thulite,  146,  154. 
Thuriugite,  219,  233. 
Tiemauuite,  302,  305. 
Tile  ore,  289. 
Tilkerodite,  237,  241,  265. 
Tin,  275. 

Tiu  pyrites,  275,  277. 
Tin  stoue,  275. 
Tiukal,  128. 
Titauite,  89,  147,  156. 
Touibazite,  242,  247. 
Topaz,  90,  171,  177. 
Torberuite,  284,  286. 
Tourmaline,  88,  89,  159. 
Touchstone,  362. 
Trachyte,  123. 
Traversellite,  145,  154. 
Tremolite,  159,  166. 
Trichaloite,  290,  301. 
Triphylite,  88,  132,  213. 
Triplite,  208,  213. 
Tripolite,  363. 
Tritomite,  200,  204. 
Trollerite,  169. 
Troua,  128,  382. 
Trostite,  250,  255. 
Tsciieffkiuite,  201,  205. 
Tschermigite,  136,  174 
Tungstite,  333,  334. 
Turgite,  215,  228. 
Turquois,  89,  168,  174. 
Tyrile,  181,  186. 
Tyrolite,  290,  301. 


Ulexite,  128. 
Ullmannite,  243,  247. 
Unghwarite.  220. 
Uraconite,  284,  286. 
Uraninite,  283,  285. 
Uranile,  284. 
Uranochalcite,  284,  286. 
Uran-kalkcarbonat,  284,  286. 
Uranophaue,  284,  286. 
Uranolantal,  vide  Samarskite. 
Uranvitriol,  284,  286. 
Urao,  128,  382. 
Urpcthite,  356. 

Valencumlte,  121. 

Valentinite,  338,  333. 

Vanadate  of  lime  and  copper,  338. 

Vanadic  ochre,  339. 

Vanadinite,  260,  272. 

Vdiiadiiikupfevbleierz,  260. 

Vanadit,  260,  372. 

Variscite,  169,  175. 

Varvacite,  207,  211. 

Vauquelinite,  260,  271. 

Vermiculite,  160,  166. 

Vesuviauite,  88,  145,  154. 

Villarsite,  160, 166. 

Vivianite,  217,  229. 

Vourliauite,  284,  286. 

Voglite,  284,  287. 

Volborthite,  291,  303. 

Volgerite,  328. 

Volknerite,  162,  167. 

Voltaite,  120,  228. 

Voltzite,  249,  253. 

Wad,  207,  211. 
Wagnerite,  158,  163. 
Walchowite,  356. 
Washingtonite,  218. 
Water,  353. 

Wavollite,  90, 169,  175. 
Websterite,  vide  Aluminite. 
Wehrlite,  278,  282. 
Weissgiltigerz,  308,  313. 
Wclssite,  122,  126. 
Wernerite,  146,  154. 
Whewellite,  144,  151. 
Whitneyite,  287,  295. 
Wichtisite,  128,  132. 
Willemite,  250,  255. 
Wiliiamsite,  160,  166. 
Wilscmite,  122. 
Wismuihkobalten,  236,  240. 
Wixmut/mlbererz,  308. 
Witherite,  88,  137,  139,  383. 
Witticlicuite,  )   qr-o  oao 
Wittichite,      f2<9,283. 

Wittingite,  209. 
AV5hleritc,  194. 
Wolchite,  288,  298. 
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Wolclionskoite,  89,  340,  343. 
■WoUraiiiile,  88,  218,  231. 
Wollastonlte,  89,  145,  386. 
Woithite,  90,  170,  176. 
Wulfeuite,  260,  272. 
Wurtzite,  249,  252. 

Xauthoconite,  307,  312. 
Xantliopliyllite,  147,  154. 
Xauthosiderite,  215,  228. 
Xenolite,  169. 
Xenotime,  90, 181,  184. 
Xonaltite,  146,  154. 
Xylite,  220,  232. 
Xylochlore,  122. 
Xyloreliuite,  356. 
Xylotile,  161,  166. 

Yellow  lead  ore,  260. 
Yellow  ochre,  215. 
Yttrocerite,  90,  142, 148, 183. 


Yttrotantalite,  90,  181,  185, 
Yttrotitanite,  147,  156. 

Zaratite,  243,  248. 
Zeagonite,  122,  126. 
Zeuxite,  170,  176. 
Zietrisikite,  356. 
Ziuc,  249. 

blende,  249. 

bloom,  249. 
Zincfahlerz,  288. 
Zincite,  249,  253. 
Zincosite,  250. 
Zinkenite,  258,  266. 
Zippeite,  284,  286. 
Zircon,  90,  194,  196. 
Zoisite,  89,  146,  154. 
Zorgite,  257,  265. 
Zuhdererz,  258,  267. 
Zwieselite,  208,  213. 
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Abstrich,  261,  374. 
AbstricJiUei,  201. 
Abzug,  261,  274. 
Amalgam,  copper,  303. 

gold,  303,  318,  434. 

lead,  303. 

silver,  303,  309,  421. 
Amalj;amatiou  residues,  303. 
Arseuic,  metallic,  345. 
white,  345. 

Bears  from  copper  smelting,  291. 

iron  "        221,234. 

tin  "        221. 

Bell  metal,  447,  474. 
Bleiofenbruch^  222. 
Brass,  446. 
Bronze,  447,  474. 

Cadmia  from  iron  furnaces,  221. 

lead        "         222, 399. 
Cadmium,  256. 
Carcasses    from    liquation    processes, 

442. 
Copper,  black,  221,  234,  393. 

cement,  291. 

micaceous,  291. 

raw,  291,  417. 

refined,  291,  417. 

Dross  from  liquation  processes,  442. 

Eisensauen,  221. 
Enamel,  471. 

Flue  dust,  399. 

Takings,  262. 
Forge  scales,  222,  235. 
Furnace  crust,  328. 

Q-ichtenschwamm,  251. 
Gun  metal,  447,  474. 

Hammer  scales,  322,  235. 
ilearlh,  cupelling,  261,  274. 
silver  refining,  399. 


Iron,  raw,  331,  234. 

Kuj)fer glimmer,  291. 

Lead,  raw,  261. 

silver,  261,  403. 
skimmed,  261, 
Lead  fumes,  261. 
smoke,  275. 
Leclie,  221. 

Liquation  discs,  291,  443. 
residues,  291. 
scales,  292. 
slags,  393. 
Litharge,  261,  274. 

Matt,  copper,  221,  234,  436. 

lead,  221,  234,  450. 

raw,  221. 
Mosaic  gold,  465. 

Ofenbruch,  453. 

Packfong,  392,  495. 

Regulus,  436. 
liohofenhlume,  251. 
Rohofenhruch,  221,235. 
liohschlacken,  453. 
liohsiein,  231,  334. 

Scaffolding,  331. 

Silver,  brightened,  308,  416. 

cement,  308, 416. 

German,  392,  417. 

jevveljer's,  416. 

refined,  308,  416. 

retort,  309,  417. 
Slags,  copper,  495. 
lead,  262,  453. 

raw,  453. 

tin,  275,  278. 
Smalt,  490. 
Speculum  metal,  147. 
Speiss,  cobalt,  237,  480. 

lead,  237. 


536 


IKDEX  OF  METALLUKGICAL  PEODUCTS. 


Speiss,  uickel,  237,  480. 

refined,  237. 
Steel,  raw,  221,  234. 
Steiasclilacken,  472. 

Test  mass,  309. 
Tin  deposits,  275. 

scraps,  275,  278. 
Titanium,  cyanide,  322. 
nitride.  323. 


Tutenag,  495. 
Tutty,  221,  436. 

Vitriol,  blue,  291. 
green,  228. 

Zinc  dust,  256. 
raw,  250 
Zinnaac.'ie,  4'U. 
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Absorption  spectra 520 

Acetate  of  lead,  r 56 

Acetic  acid,  r 53 

Alcoliol,  r 50 

AUoj'^s  as  examples  for  practice 392 

Alumina,  behavior  of 99 

examination  for 172 

"  "  in  silicates 176 

minerals  containing 168 

Aluminates  as  examples  for  practice 386 

Ammonia,  behavior  of 96 

carbonate  of,  r 54 

examination  for 136 

minerals  con  taining 136 

molybdate  of,  r 55 

Ammonia,  r 54 

Ammonium,  chloride  of,  r 55 

sulphide  of,  r 55 

Analysis,  general  rules  for  qualitative 113 

Antimony,  behavior  of , 99 

examination  for,  in  alloys 328 

"  oxides 333 

"  »  sulphides 332 

flame-test  for 77 

minerals  containing 327 

test  for,  in  open  tube , 64 

on  coal : 67 

Arsenic,  acids  of 349 

behavior  of lOo 

examination  for 345 

"  "    insulphides 348 

flame-test  for 76 

minerals  containing 344 

quantitative  determination  of,  in  wet  way 514 

test  for,  in  open  tube 64 

•*       on  coal. 66 
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Arsenic,  r 50 

Arsenides  as  examples  for  practice  390 

Assays,  quantitative 397 

Atomic  weiglits 

Balance,  blowpipe 26 

Barium,  spectrum  of  salts  of 519 

Baryta,  behavior  of 96 

Chapman's  test  for 140 

examination  for 138 

"  "    in  silicates 139 

flame-test  for ,.     75 

minerals  containing 137 

quantitative  determination  of,  in  vv^et  way 514 

spectrum  of 519 

Beads,  color  of  borax 81 

"      salt  of  phosphorus 84 

Berylla,  vid^,  glucina 177 

Bismuth,  behavior  of 100 

examination  for 280 

"    in  alloys 280 

"     "      "     "   oxides 282 

«  "     "   sulphides 283 

minerals  containing : . .  278 

quantitative  assay  of 457 

"  "      when  metallic  and  with  arsenic 458 

"  "         "     as  sulphide 461 

»  "         "      "   oxide  or  chloride 463 

salts  of 282 

test  for,  on  coal 67 

Blast 10 

Blowpipe 4 

gas 10 

Blowpipe  lamp,  Berzelius' - 8 

Moses' 7 

Pflucker's 7 

Kueger's 7 

Bone-ash,  r 24 

Boracic  acid,  examination  for 361 

flame-test  for : 75 

minerals  containing 360 

Tiu-ncr's  test  icr 361 

Boracic  acid,  r 48 

Borax,  r 46 

Brazil-wood  paper,  r 51 

Bromine,  examination  for 374 

minerals  containing 374 

Bunsen's  gas-lamp 9 

Buttons,  various  apparatus  for  measuring  gold  and  silver 27 
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Cadmium,  behavior  ol 100 

examination  for ,  2o? 

minerals  containing 256 

test  for,  on  coal 67 

Caesium,  spectrum  of  salts  of 518 

Calcium,             "             "           519 

Carbon  and  Carbonic  acid 355 

examination  for 357 

"             "       in  metallui'gical  products 360 

minerals  containing 355 

Cerium,  behavior  of 101 

examination  for 201 

minerals  containing 199 

Charcoal,  artificial 15 

"          capsules 16 

,                  "          crucibles 16 

"          parallelopipedons 18 

"          square  prisms 17 

Charcoal,  natural 15 

Chlorine,  examination  for 373 

minerals  containing 373 

quantitative  determination  of,  in  wet  way 513 

Chlorination  assaj',  Plattuer's 420 

Chromium,  behavior  of 101 

examination  for 341 

minerals  containing  340 

quantitative  assay  of,  in  substances  free  from  lead 503 

"           "         "           "            containing"  503 

"        determination,  by  wet  way  514 

Clay  capsules 23 

crucibles 23 

"          lining  for 25 

cylinders  for  holding  charcoal  crucibles 17 

Closed  tubes 23 

examination  in 60 

Coal-holder  for  square  coals 40 

Coals,  examination  of 507 

determination  of  water  in 507 

"   coke    "  507 

"ash      "  508 

"              "  heating  power  of 509 

Coatings  on  charcoal 65 

Cobalt,  behavior  of 101 

examination  for 238 

"              in  arsenides 240 

"              "  sulphides  and  seleuides 241 

"               "  oxides , 241 

minerals  containing 236 

nitrate  of,  r 48 
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Cobalt,  quantitative  assay  of,  combined  with  arsenic 480 

"            arsenic  and  sulphur 484 

as  oxide  witli  acids  of  arsenic 490 

"                "           with  metallic  oxides 490 

"                "           when  chieflj^  oxides  of  Cobalt  and  Nickel 491 

"  "  in  alloys,  or  with  sulphur  and  arsenic,  or  in 

presence  of  more  copper  than  nickel. ....  495 

Cobalt  glass 124 

Cobalt  solution 48 

examination  with 93 

Coloration  of  flame 73 

Colors  of  beads. 81 

Columbium,  vide  niobium 324 

Copper,  amount  of,  in  assay  for  silver  . .' ...  400 

behavior  of. 103 

examination  for 293 

inalloys 293 

"            "  oxides 299 

"           "  salts 299 

"  sulphides 296 

flame-test  for 75 

minerals  containing  287 

oxide  of,  r 52 

quantitative  assay  of,  in  ores  containing  sulphur 436 

•'                "          "  oxidized  state 441 

"                "        alloyed  with  lead 443 

"                "                 "            iron,  nickel,  etc 445 

"                "                 "            antimony 447 

«                «                 "            tin 447 

"  determination  of,  in  the  wet  way 514 

sulphate  of,  r 56 

Cupel-holders 39 

Cupellation,  fine 407 

Cupellation  loss,  table  for 413 

Cupels 39 

Cyanogen,  occurrence  of  ...   379 

examination  for 379 

Decomposability  of  minerals  by  hydrochloric  acid 119 

Didymium,  behavior  of 102 

examination  for 201 

minerals  containing 199 

spectrum  of  salts  of 531 

Distilled  water,  r 54 

Erbia,  behavior  of 98 

examination  for 183 

minerals  containing 180 

Erbium,  spectrum  of  suits  of 531 


GENERAL  INDEX.  5-il 

PAQE 

Examinatioii  as  to  color  of  the  flame 73 

in  the  closed  tube  63 

"       matrass 60 

"       open  tube ; 63 

"       platinum  forceps 70 

on  charcoal 65 

with  carbonate  of  soda 86 

*'     cobalt  solution 93 

"     salt  of  phosphorus 83 

Examples  of  systematic  analysis  for  practice,  including — 

Alloys 392 

Aluminates 386 

Arsenides 391 

Haloid  salts 381 

Metallic  oxides 289 

Oxysalts 381 

Selenides 391 

Silicates 386 

Sulphides 390 

Flame,  blue 15 

oxidizing 13 

reducing 14 

Flame-tests 73 

Flaming 79 

Fluor  spar,  r 51 

Fluorine,  examination  for 377 

minerals  containing 377 

Fuel 8 

Fusibility,  figures  denoting 11& 

scale  of. 71 

testing  for 69 

Fusions  with  soda 113 

nitre  or  bisulphate  of  potassa ]  16 

Galls,  infusion  of,  r 56 

Genei'al  rules  for  qualitative  blowpipe  analysis  113 

Glass  tubes,  closed 21 

open 21 

Glucina  behavior  of 98 

examination  for 178 

minerals  containing 177 

Gold,  behavior  of 103 

examination  for 319 

minerals  containing 318 

Plattner's  chlorination  assay  for 426 

quantitative  assay  of 433 

"               "      in  alloys 438 

"               "      in  ores  and  metallurgical  products 423 
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Gold,  r • 50 

Gold  amalgam 434 

buttons,  measurement  of 29 

Gold  with  copper  and  silver 431 

indium 433 

palladium , 433 

platinum 431 

platinum  and  silver 432 

platinum,  silver,  and  copper 433 

rhodium 433 

silver 428 

Graphite,  r 52 

Haloid  salts  as  examples  for  practice 881 

Harkort's  scale  28 

Hj^drochloric  acid,  r 53 

Hydrofluoric  acid,  examination  for 377 

Indigo  solution 125 

Indium,  behavior  of 103 

spectrum  of  salts  of 520 

test  for,  on  coal 68 

Instrumen  ts,  forceps,  mortars,  etc 36 

Iodide  of  mercury  paper  as  test  for  soda-flame 131 

Iodine,  examination  for = . .  375 

minerals  containing 375 

Iridium,  behavior  of 103 

examination  for 31 6 

minerals  containing 315 

separation  of,  from  gold 433 

Iron,  behavior  of 103 

examination  for 222 

in  alloys 222 

"  metallurgical  products 234 

"  oxidized  compounds 228 

"             "silicates 233 

"            "  sulphides  and  arsenides 226 

minerals  containing 214 

proto-sulphate  of,  r 55 

quantitative  assay  of 496 

"        determination  of,  in  the  wet  way 514 

Iron,  r , 50 

Iron  ores,  quantitative  determination  of  alumina  in 500 

"             lime        "  501 

"                       "            magnesia  in 501 

"                       "            protoxide  of  manganese  in 501 

"                      "            silica  in 500 

Kleritj's  apparatus  for  measuring  silver  buttons 33 


« 
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Lamp 8 

wick    8 

Lanthanum,  behavior  of 104 

examination  for 201 

minerals  containing 199 

Lead,  acetate  of,  r 56 

behavior  of 104 

examination  for 2G3 

"  in  alloys 263 

"  "  metallurgical  products 273 

"  "  oxides 269 

"  "  selenides 265 

«  "  sulphides 266 

flame-test  for 77 

minerals  containing  257 

pure,  r , 45) 

quantitative  assay  of 449 

"  "        as  chloride  or  oxide 456 

•'  "  "sulphide 450 

"  "  -      in  alloys 456 

test  for,  on  coal 67 

Lead  measure. ' 42 

Lime,  behavior  of 97 

examination  for 148 

"  in  silicates 154 

flame-test  for 74 

minerals  containing 143 

quantitative  determination  of,  in  the  wet  way 514 

spectrum  of 519 

Lithia,  behavior  of 96 

Buuseu's  test  for,  with  indigo  solution 134 

examination  foi 133 

"  in  silicates 135 

flame-test  for 74 

minerals  containing 133 

Poole's  test  for 135 

quantitative  determination  of,  in  wet  way 514 

Turner's  test  for,  with  fluorite 135 

Lithium,  spectrum  of  salts  of 518 

Litmus  paper,  r 50 

Magnesia,  behavior  of 97 

examination  for T63 

"             in  silicates 166 

minerals  containing 157 

Manganese,  behavior  of 105 

examination  for 209 

"             in  metallurgical  products 214 

minerals  containing 206 
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Manganese,  quantitatire  determination  of,  in  the  wet  way 514 

JEatrasses , 21 

Matrasses,  examinations  in 60 

Measurement  of  gold  and  silver  buttons 29 

Mercury,  behavior  of 105 

chloride  of,  r 56 

examination  for 303 

"  in  amalgams 305 

"  with  chlorine 304 

"  "    iodine 304 

"  "    selenium    305 

"  "    sulphur 305 

iodide  of,  on  paper  as  test  for  soda-flame 131 

minerals  containing 302 

quantitative  assay  of 509 

*  test  for,  in  open  tube 65 

Metallic  oxides,  as  examples  for  practice 389 

Minerals,  behavior  of,  with  soda 88 

^linerals  for  practice 380 

Molybdenum,  behavior  of 105 

examination  for 337 

minerals  containing 336 

test  for,  on  coal 68 

Molybdic  acid,  flame-test  for 76 

Nickel,  behavior  of 106 

examination  for 244 

"  in  alloys 244 

"  "  arsenides 246 

"  "  oxides 248 

"  sulphides 247 

"  "  metallurgical  products 249 

minerals  containing 242 

oxalate  of,  r 52 

quantitative  assay  of 475 

Niobium,  behavior  of 107 

examination  for 305 

minerals  containing 324 

Nitrates 354 

Nitre,  r 48 

Nitric  acid,  r 53 

Nitric  acid,  occurrence  of 354 

"»  examination  for 354 

Open  tubes 21 

examinations  in .- 63 

Oxalic  acid,  r 53 

Oxidizing  flame 13 

purity  of IS 
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Oxidizing  flame,  strength  of 14 

Oxygeu,  test  for  free  60 

Oxysalts  as  examples  for  practice 381 

Palladium,  behavior  of ." 108 

examination  for 317 

minerals  containing 315 

Palladium  with  gold 433 

Parting 428 ; 

Platinum,  behavior  of 108 

bichloride  of,  r 54 

examination  for 316 

'  minerals  containing 315 

Platinum  dish 21 

foil 20 

spoons 20 

wires  and  holder 19 

with  gold 431 

and  silver 433 

"        silver  and  copper 433 

Plattner's  flux 454 

scale 28 

Phosphorus  and  phosphoric  acid 369 

examination  for 369 

flame-test  for 76 

minerals  containing 360 

quantitative  determination  of 513 

^  salt  of,  r 47 

Potassa,  antimonate  of,  r  51 

behavior  of 96 

bisulphate  of,  r 48 
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Collins'  Useful  Alloys. 

ISino.    Flexible.    75  cents. 
The  Private  Book  of  Useful  Alloys   and  Memoranda  for  Grold- 
smiths.  Jewellers,  etc.     By  James  E.  Collins. 


Joynson's  ]Metal  Used  in  Construction. 

12mo.    Cloth.    75  cents. 
The  Metals  Used  in  Construction  :  Iron,    Steel,  Bessemer  Metal, 
etc.,  etc.    By  Francis  H.  Joynson.     Illustrated. 


Dodd's  Dictionary  of  Manufactures,  etc. 

12mo.    Cloth.    61.50. 
Dictionary    of    Manufactures,  Mining,  Machinery,    and    thr 
Industri.4l  Arts.     By  George  Dodd. 


Von  Cotta's  Ore  Deposits. 

8vo.    Cloth.    $4.00. 

Treatise  on  Ore  Deposits.  By  BERNn.\RD  Von  Cotta,  Professor 
of  Geology  in  the  Royal  School  of  Mines,  Freidburg,  Saxony,  Trans- 
lated from  the  second  German  edition,  by  Frederick  Prime,  Jr., 
Mining  Engineer,  and  revised  by  the  author;  with  numerous  illus- 
trations. 

Plattner's  Blow-Pipe  Analysis. 

Third  Edition.    Revised.    5G8  pages.    8vo.    Cloth.    §5.00. 

Plattni:r"s  ^Ianual  of  Qualitative  and  Quantitative  Analy- 
sis WITH  THE  Blow-Pipe,  From  the  last  German  edition.  Revised 
and  enlarged.  By  Prof.  Tii.  Richter,  of  the  Royal  Saxon  Mining 
Academy.  Translated  by  Professor  II.  B.  Cornwall  ;  assisted  by 
John  H.  Caswell.  With  eighty-seven  wood-cuts  and  Lithographic 
Plate. 
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Plyiiil^ton's  l^loAV-Pipo  Analysis. 

l-Jiuo.     Clotli.     s«;i.50. 
TiiK  Bi.ow-PirK:  A  Guide  to  its  Use  in  the  Detenuiuation  of  Salts 
and   Minerals.      Coiupiled   froni   various  sources,    by    Gkoiujk    W. 
Pi-YMi'Tox,  CK.,  A.M.,  J'rofossor  of  riiysical  Soionce  in  the  Tolytecli- 
nio  Institute,  Brooklyn,  X.Y. 


Pviic'lion's  Clieinieal  Plivsicf^. 

New  Kditkm.  Koviscd  aiul  onlarj^od.  Crown  8vo.  (.'lotli.  S>.00. 
Introductiox  to  CiiKMii'AL  I'liYsics  ;  Designed  for  the  Use  of 
Academies,  Colleges,  and  High  Schools.  Illustrated  with  numerous 
engravings,  and  containing  copious  experiments,  ^vith  directions  for 
preparing  them.  By  Thomas  Kugglks  Pyxciiox,  ]\1.A.,  Trosident 
of  Trinity  College,  Hartford. 


Kliot  and  Storcr's  C^>iialitativo  Cheraioal 

Analysis. 

New  F.aition.    Keviscd.     f-'nio.    llhistnitea.    Clotli.     $1.50. 

A  CoMPKNOious  Manual    ok    Qualitativk   Chkmicai.    Anaiasis. 

By  Cuaulks    W.  E\aov    and    Fiiank   H.    Stoukk.     Revised,  willi 

the  cooperation    of    the   Authors,   by   William   Kitlky  Nichols, 

Professor  of  Chemistry  in  the  Massachusetts  Institute  of  Technology. 


Kaniniclsberg's  Cliemical  Analysis. 

8vo.     Cloth.    $2.25. 
GUIDK     TO     A     COXTRSK     OF      QuAXTITATIVK      ChEMICAL      ANALYSIS. 

Especially'  of  Minerals  ani>  Furnace  Prohucts.  Illustrateil 
by  Examples.  By  C.  F.  IIam.melsiierg.  Translated  by  J.  Towler, 
M.D. 


Xac^net's  Le^al  Clieniisti*y. 

Illustrated.  V2wo.  Cloth.  Sl'.OO. 
Legal  Chemistry.  A  Guide  to  the  Detection  of  Poisons,  Falsifica- 
tion of  Writings,  Adulteration  of  Alimentary  and  Pharmaceutical 
Sid)stances  ;  Analysis  of  Ashes,  and  Examination  of  Hair,  Coins, 
Fire-arms,  and  Stains,  as  A]>plied  to  Chemical  Juris^prudence.  For 
the  Use  of  Chemists,  Physicians,  Lawyers,  Pharmacists,  and  Experts. 
Translated,  with  additions,  including  a  List  of  Books  and  IMemoirs 
on  Toxicology,  etc.,  from  the  French  of  A.  Naqiet.  By  J.  P. 
Batteushall,  Ph.  D.,  with  a  Preface  by  C.  F.  Chandler,  Ph.  D., 
M.D.,LL.D. 
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Prescott's  Proximate  Organic  Analysis. 

12mo.     Clotli.    Sl.75. 

OuTLi.vKS  OF  PitoxiMATK  OiuJAXic  AxALY^if5,  for  tliG  Identification, 
Separation,  and  Quantitative  Doterniinution  of  the  more  commonly 
occurring  Organic  Compounds.  liy  Albkut  B.  Pukscott,  Professor 
of  Organic  and  Applied  Chemistry  in  the  Univei'sity  of  Michigan. 

Prescott's  Alcoliolic  I^iquors. 

12mo.  Cloth.  Si.  50. 
CuKMicAL  ExAMixATiON  OF  Alcoholic  Liquors. — A  Manual  of  the 
Constituents  of  the  Distilled  Spirits  and  Fermented  Liquors  of  Com- 
merce, and  their  Qualitative  and  Quantitative  Determinations.  By 
Ar.BKUT  B.  PitKSCOTT,  ProfcssGr  of  Organic  and  Applied  Chemistry 
in  the  University  of  Michigan. 


Pope's  Modei-n  1  Practice  of  the  Electric 

Telograpli. 

Nhitli  Editaon.    8vo.     Cloth.    $2.00. 
A    Hand-book  for  Electricians  and   Operators.     By   Frank  L.  Pope. 
Ninth  edition.     Revised  and  enlarged,  and  fully  illu.strated. 


Sabine's  History  of  the  Telegraph. 

Second  Edition.     12mo.    Cloth.    $1.25. 
History  axd  Progress  of   the    Electric    Telegraph,  with   De- 
scriptions of  some  of  the  Apparatus.     By  Robert  Sabixk,  C.E. 


Haskins'  Gralvanometer. 

Pocket  fonn.    Illustrated.     Morocco  tucks.    S2.00. 
The  Galvaxometer,  and    its    U.ses  ; — A   Manual  for  Electricians 
and  Students.     By  C.  II.  Haskins. 


Myer's  Manual  of  Signals. 

New  Edition.     Enlarged.     12ino.    48  Plates,  full  Roan.    So.OO. 
Manual  of  Signals,  for  the  Use  of  Signal  Officers  in  the  Field.     By 
Brig.-Gen.  Albert  J.  Myer,  Chief  Signal  Officer  of  the  Army. 


Larrabee's  Secret  Letter  and  Telegraph 

18mo.     Cloth.    .Sl.OO. 
Cipher  and  Sfxret  Letter  and  Telegraphic  Code,  with  Hogg's 
Improvements.     By  C.  8.  Larrabee. 
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Grillmore's  Limes  and  Ceraents. 

Fifth  Edition.    Revised  and  Enlarged.    Svo.     Qoth.    $4.00. 

Practical  Treatise  on  Lime&,  Hydraulic  Cements,  and  Mor- 
tars. By  Q.  A.  GiLLMORE,  Lt.-Col.  U.  S.  Corps  of  Engineers. 
Brevet  Major-GeneraL  U.  S.  Army. 


Grillmore's  Coignet  Beton. 

Nine  Hates,  Views,  etc.    8vo.    Qotlii.    $2.50. 

Coignet  Beton  and  Other  Artificial  Stone. — By  Q.  A.  Gill- 
MORE,  Lt.-Col.  U.  S.  Corps  of  Engineers,  Brevet  Major-General  U.S. 
Army. 

Grillmore  on  Roads . 

Seventy  Illustrations.    12ibo.     Cloth.    $2.0^ 

A  Practical  Treatise  on  the  Construction  of  Koads,  Streets, 
and  Pavements.  By  Q.  A.  Gillmore,  Lt.-Col.  U.  S.  Corps  of 
Engineers,  Brevet  Major-General  U.  &.  Army. 


Grillmore's  Bnilding  Stones. 

8vo.    .Cloth.    $1.5a 

Report    on  Strength  of   the  Building  Stones  in  the  Unite© 
States,  etc. 


Holley's  Railway  Practice. 

1  vol.  folio.    Cloth.    $12.00. 

American  and  European  Railway  Practice,  in  the  Economical 
Generation  of  Steam,  including  the  materials  and  construction  of 
Coal-burning  Boilers,  Combustion,  the  Variable  Blast,  Vaporization, 
Circulation,  Super-heating,  Supplying  and  Heating  Feed-water,  &c., 
and  the  adaptation  of  Wood  and  Coke-burning  Engines  to  Coal- 
burning  ;  and  in  Permanent  Way,  including  Road-bed,  Sleepers, 
Rails,  Joint  Fastenings,  Street  Railways,  etc.,  etc.  By  Alexander 
L.  HoLLEY,  B.P.     With  77  lithographed  plates. 


Useful  Information  for  Rail^way  Men. 

Pocket  form.    Morocco,  gilt.     $2.00. 

Compiled  by  W.    G.   Hamilton,    Engineer.     Sixth   Edition,  Revised 
and  Enlarged.     570  pages. 


D.   VAN  NO  STRAND.  11 


Stuart's  Civil  and   Military   Engineering-  of 

America. 

8vo.  Illustrated.  Cloth.  $5.00. 
The  Civil  and  Militaky  Exginkkrs  of  America.  By  General 
Charles  B.  Stuart,  Author  of  "  Naval  Dry  Docks  of  the  United 
States,"  etc.,  etc.  Embellished  with  nine  finely-executed  Portraits 
on  steel  of  eminent  Engineers,  and  illustrated  by  Engravings  of  some 
of  the  most  important  and  original  works  constructed  in  America. 


^S'- 


Ernst's  Mannal  of  Military  Engineering 

193  Wood-cuts  and  3  Lithographed  Plates.     12mo.    Cloth.    $5.00. 
A  Manual  of  Practical   Military   Engineering.     Prepared  for 
the  use  of  tlie  Cadets  of  the  U.  S.  Military  Academy,  and  for  Engineer 
Troops.     By  Capt.  O.  II.  Ernst,  Corps  of  Engineers,  Instructor  in 
Practical  Military  Engineering,  U.  S.  Militaiy  Academy. 


Simms'  Levelling. 


12mo.  Cloth.  $2.50. 
A  Treatise  on  the  Principles  and  Practice  of  Levelling, 
showing  its  application  to  purposes  of  Railway  Engineering  and  the 
Construction  of  lloads,  etc.  By  Frederick  W.  Simms,  C.E.  From 
the  fifth  London  edition.  Revised  and  Corrected,  with  the  addition  of 
Mr.  Law's  Practical  Examples  for  Setting-out  Railway  Curves. 
Illustrated  with  three  lithographic  plates  and  numerous  wood-cuts. 


Jeflers'  Nantical  Surveying. 

Illustrated  with  9  Copperplates  and  31  Wood-cut  Illustrations.    8vo.    Cloth.    $5.00. 
Nautical  Surveying.      By  William  N.  Jeffers,  Captain   U.  S. 
Navy. 

Brnnno^v's  Splierical  Astrononi^j'. 

Illustrated.    8vo.     Cloth.    $G.50. 
Spherical  Astronomy.    By  F.   Brunnow,  Ph.  Dr.     Translated  by 
the  Author  from  the  second  German  edition. 


The  Plane  Table. 

Svo.     Cloth.     $2.00. 
Its  Uses  in  Topographical    Surveying.     From  the  papers  of  the 
U.  S.  Coast  Survey. 
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Cliauvenet's  Lunai'  Distances. 

8vo.    Cloth.    $2.00. 
New  Mkthod    of    Correcting   Lunar    Distances,   and  Improved 
Method  of  Finding  the  Error  and  Rate  of  a  Chronometer,  by  equal 
altitudes.     By  Wji.  Ciiauvenet,  LL.D.  ,  Chancellor  of  Washington 
University  of  St.  Loui^. 

Burt's  Key  to  Solar  Compass. 

Second  Edition.  Pocket-book  form.  Tuck.  $2.50. 
Key  to  the  Solar  Compass,  and  Surveyor's  Companion ;  comprising 
all  the  Ptules  necessary  for  use  in  the  Field  ;  also  Description  of  the 
Linear  Surveys  and  Public  Land  System  of  the  United  States,  Notes 
on  the  Barometer,  Suggestions  for  an  Outfit  for  a  Survey  of  Four 
Months,  etc.     By  W.  A.  Burt,,U.  S.  Deputy  Surveyor. 

H onward' s  EartliAVork  MeIls^^.ratioIl. 

8vo.  Illustrated.  Cloth.  $1.50. 
Earthwork  Mensuration  on  the  Basis  op  the  Prismoidal 
FoRMUL/E.  Containing  simple  and  labor-saving  method  of  obtaining 
Prismoidal  Contents  directly  from  End  Areas.  Illustrated  by 
Examples,  and  accompanied  by  Plain  llules  for  practical  uses.  By 
Conway  R.  Howard,  Civil  Engineer,  Richmond,  Va. 

iMorris'  Easy  Rixles. 

78  niu-strations.    8to.    Cloth.    $1.50. 
Easy  Rules  for  the  Measurement  of  Earthworks,  by  means  of 
the  Prismoidal  Formula.     By  Elwood  Morris,  Civil  Engineer. 


Clevenger's  Surveyin.g. 

Illustrated  Tocket  Form.  Morocco,  gilt.  $2.50. 
A  Treatise  on  the  Method  of  Government  Surveying,  as 
prescribed  by  the  U.  S.  Congress  and  Commissioner  of  the  General 
Land  Office.  With  complete  Mathematical,  Astronomical,  and  Prac- 
tical Instructions  for  the  use  of  the  U.  S.  Surveyors  in  the  Field,  and 
Students  who  contemplate  engaging  in  the  business  of  Public  Land 
Surveying.     By  S.  V.  Clevenger,  U.  S.  Deputy  Surveyor. 

He^wson  on  Einbankiiients. 

8v-o.    Cloth.    $2.00. 
Principles    and    Practice    of     Embanking     Lands    from    River 
Floods,  as  applied  to  the  Levees  of   the  Mississippi.     By  AVilliam 
Hewson,  Civil  Engineer. 
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Minifie's  Meclianical  Drawing. 

Ninth  Edition.     Royal  8vo.    Cloth.    $4.00. 

A  Ti<:xT-BooK  of  Geometrical  Drawing,  for  the  use  of  Mechanics 
and  Schools.  With  illustrations  for  Drawing  Plans,  Sections,  and 
Elevations  of  Buildings  and  Machinery  ;  an  Introduction  to  Isometri- 
cal  Drawing,  and  an  Essay  on  Linear  Perspective  and  Shadows. 
With  over  200  diagrams  on  steel.  By  William  Mixifie,  Architect. 
With  an  Appendix  on  the  Theory  and  Application  of  Colors. 


Minifie's  Greometrical  n3ra\ving. 

New  Edition.    Enlarged.     12ino.     Cloth.    $2.00. 

Geometrical  Drawing.     Abridged  from  the  octavo  edition,  for  the 
use  of  Schools.     Illustrated  with  48  steel  plates. 


Free  Hand  Drawinp- 


Profusely  Illustrated.    18mo.    Boards.    50  cents. 

A  Guide  to  Ornamental,  Figure,  and  Landscape  Drawing.     By  an 

Art  Student, 


The  Mechanic's  Friend. 

12mo.  Cloth.  300  Illustrations.  $1.50. 
The  Mechanic's  Friend.  A  Collection  of  Receipts  and  Practical 
Suggestions,  relating  to  Aquaria — Bronzing — Cements — Drawing — 
Dyes — Electricity — Gilding — Glass-working — Glues — Horology — Lac- 
quers— Locomotives — Magnetism — Metal-working — Modelling —  Pho- 
tography— Pyrotechny — Railways  —  Solders  —  Steam-Engine  —  Tele- 
graphy— Taxidermy — Varnishes — Waterproofing — and  Miscellaneous 
Tools,  Instruments,  Machines,  and  Processes  connected  with  the 
Chemical  and  Mechanical  Arts.     By  AYilliam  E.  Axon,  M.R.S.L. 

Harrison's  Mechanic's  Tool-Book. 

4A  Illustrations.     12mo.    Cloth.     $1.50. 
Mechanics'  Tool  Book,  with  Practical  Rules  and  Suggestions,  for  the 
use  of  Machinists,  Iron  Workers,  and  others.     By  W.  B.  Harrison. 


Randall's  Qnartz  Operator's  Hand-Book. 

12mo.    Cloth.    $2  00. 

Quartz    Operator's   Hand-Book.     By   P.   M.   Randall.      New 

edition,  Revised  and  Enlarged.     Fully  illustrated. 
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Joynsoii  on  MacMne  Grearing. 

8vo.    Cloth.    $2.00. 
The   Meciiaxic's   and   Student's  Guide  in  the  designing  and  Con" 
structionof  General  Machine  Gearing,  as  Eccentrics,  Screws,  Toothed 
Wheels,  etc.,  and  tlie  Drawing  of  Rectilineal  and   Curved  Surfaces. 
Edited  by  Francis  H.  Joyxsox.     With  18  folded  plates. 


Silversmitli's  Hancl-Booli:. 

Fourth  Edition.    Illustrated.    12mo.     Cloth.    $3.00. 
A  Practical  Haxd-Book  for  Mixers,  Metallurgists,  and  Assayers. 
By  Julius  Silversmith,    Illustrated. 


Barnes'  Submarine  Warfare. 

8vo.  Cloth.  $5.00. 
Submarixe  Warfare,  Defensive  aJsd  Offensive.  Descriptions 
of  the  various  forms  of  Torpedoes,  Submarine  Batteries  and  Torpedo 
Boats  actually  used  in  War.  Methods  of  Ignition  by  Machinery, 
Contact  Fuzes,  and  Electricity,  and  a  full  account  of  experiments 
made  to  determine  the  Explosive  Force  of  Gunpowder  under  Water. 
Also  a  discussion  of  the  Offensive  Torpedo  system,  its  effect  upon 
Iron-clad  Ship  systems,  and  influence  upon  future  Naval  Wars.  By 
Lieut. -Com.  John  S.  Barnes,  U.S.N.  With  twenty  lithographic 
plates  and  many  wood-cuts. 

Foster's  Submarine  Blasting. 

4to.     Cloth.    $3.50. 
Submarine  Blasting,  in  Boston  Harbor,  Massachusetts — Removal  of 
Tower  and  Corwin  Rocks.     By  John  G.  Foster,  U.  S.   Eng.  and 
Bvt.  Major-General  U.  S.  Army.     With  seven  plates. 


Mowbray's  Tri-Nitro-Grl37"cerine. 

8vo.    Cloth.    Illustrated.    $3.00. 
Tri-Nitro-Glycerine,  as  applied  in  the  Hoosac  Tunnel,  and  to  Sub- 
marine Blasting,  Torpedoes,  Quarrying,  etc. 


Williamson  on  tlie  Barometer. 

4to.  Cloth.  $15.00. 
On  the  Use  of  the  Barometer  ox  Surveys  and  Reconnais- 
sances. Part  I. — Meteorology  in  its  Connection  with  Hypsometry. 
Part  II. — Barometric  Hypsometry.  By  R.  S.  Williamson,  Bvt. 
Lt.-Col.  U.  S.  A.,  Major  Corps  of  Engineers.  With  illustrative  tables 
and  engravings. 
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Williamsoii's  Meteorological  Tables. 

4to.    Flexible  Cloth.    $2.50. 

Practical  Tables  in  Meteorology  and  Hypsometry,  in  connection 
with  the  use  of  the  Barometer.     By  Col.  R.  S.  Williamsox,  U.S.A. 


Butler's  Projectiles  and  Rifled  Cannon. 

4to.    36  Plates.     Clotli.    ,$7.50. 

Projectiles  axd  Rifled  Caxnox.  A  Critical  Discussion  of  the 
Principal  Systems  of  Rifling  and  Projectiles,  with  Practical  Sugges- 
tions for  their  Improvement.  By  Capt.  Joiix  S.  Butler,  Ordnance 
Corps,  U.  S.  A. 

Benet's  Clironoscope. 

Second  Edition.    Illustrated.    4to.    Cloth.    $3.00. 

Electro-Ballistic  Machines,  and  the  Schultz  Chronoscope.  By 
Lt.-Col.  S.  V.  Benet,  Chief  of  Ordnance  U.  S.  A. 


Micliaelis'  Chronograph. 

4to.    Illustrated.    Cloth.    $3.00. 

The  Le  Boulexge  Chroxograpii.  "With  three  lithographed  folding 
plates  of  illustrations.  By  Bvt.  Captain  O.  E.  Michaelis,  Ordnance 
Corps,  U.  S.  A. 

NLigent  on  Optics. 

12mo.     Cloth.    $1.50. 

Treatise  ox  Optics  ;  or,  Light  and  Sight,  theoretically  and  practically 
treated ;  with  the  application  to  Fine  Art  and  Industrial  Pursuits. 
By  E.  NuGEXT.     With  103  illustrations. 


Peirce's  Analytic  Mechanics. 

4to.     Cloth.    $10.00. 
System   of  Axalytic    Mechanics.      By    Bex.jamix   Peirce,   Pro- 
fessor of  Astronomy  and  Mathematics  in  Harvard  Univei-sity. 


Craig's  Decimal  System- 
Square  32mo.    Limp,    50a 

Weights  and  Measures.  An  Account  of  the  Decimal  System,  with 
Tables  of  Conversion  for  Commercial  and  Scientific  Uses.  By  B.  F. 
Craig,  M.D. 
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Alexander's  Dictionary  of  Weights  and 

Measures. 

New  Edition.    8vo.    Cloth.    $3.50. 
Universal  Dictionary  of  Weights  and  Measures,   Ancient  and 
Modern,  reduced  to  the  standards  of  the  United  States  of   America. 
By  J.  H.  Alexander. 

Elliot's  European  Liglit- Houses. 

51  Eugraviiigs  and  21  Wood-cuts.    8vo.    Clotli.    $5.00. 
EunoPEAN  Light-House  Systems.      Being  a  Report  of  a  Tour  of 
Inspection  made  in   1873.      By  Major   George  H.  Elliot,  U.  S. 
Engineers. 


Sw^eet's  Keport  on  Coal. 

With  Maps.    8vo.     Cloth.    $3.00. 
Special  Report  on  Coal,     By  S.  H.  Sweet. 


Colburn's  Oas  Works  of  London. 

12mo.    Boards.    CO  cents. 
Gas  Works  of  London.     By  Zerah  Colburn. 

Walker's  Scre^^  Propulsion. 

8fo.    Cloth.    75  cents. 

XoTES  ON  Screw  Propulsion,  its  Rise  and  History.     By  Capfc.  W.  H. 
Walker,  U.  S.  Navy. 

Pook  on  Sliipbnilding. 

8vo.    Cloth.    Illustrated.    $5.00. 
Method    of    Preparing    the    Lines    and    Draughting  Vessels 
Propelled  by  Sail  or  Steam,  including  a  Chapter  on  Laying-off 
on  the  Mould-loft  Floor.     By  Samuel  M.  Pook,  Naval  Constructor. 

Saeltzer's  Acoustics. 

12mo.     Cloth.     $2.00. 
Treatise  on  Acoustics  in  connection  with  Ventilation.     By  Alex- 
ander Saeltzer. 


Pickert  and  Metcalf 's  Art  of  Grraining. 

1  vol.    4to.    Tinted  Paper.    Cloth.    $10.00. 
The  Art  of  Graining,  with  description  of  Colors  and  their  Applica- 
tion.   By  Charles  Pickert  and   Abraham   Metcalf.      With  42 
tinted  plates  of  the  various  woods  used  in  interior  finishing. 
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Wanklyn's  Milk  Analysis. 

12mo.    Cloth.    Sl.OO. 

Milk  Axalysis.  A  Practical  Treatise  on  the  Examination  of  Milk, 
and  its  Derivatives,  Cream,  Butter,  and  Cheese.  By  J.  Alfulid 
Wanklyn,  M.R.C.S. 


Hice  &  Jolmsoii's  Differential  Functions. 

Paper,     12mo.    50  cents. 

Ox  A  New  Method  of  Obtaixing  the  Differextials  of  Fuxc- 
Tioxs,  with  especial  reference  to  the  Newtonian  Conception  of  Hates 
or  Velocities.  By  J.  Mixot  Eice,  Prof,  of  JMathematics,  U.  S.  Navy, 
and  W.  WooLSEY  Johnson,  Prof,  of  Mathematics,  St.  John's 
College,  Annapolis. 


Coffin's  Navigation. 

Fifth  Edition.     12rao.    Cloth.    $3.50. 


Navigation  and  Nautical  Astronomy.  Prepared  for  the  use  of 
the  U.  S.  Naval  Academy.  By  J.  II.  C.  Coffix,  Professor  of 
Astronomy,  Navigation  and  Surveying  ;  with  52  wood-cut  illustra- 
tions. 


Clark's  Theoretical  Navigation, 

8vo.     Cloth.    $3.00. 

Theoretical  Navigation  and  Nautical  Astronomy.  By  Lewis 
Clark,  Lieut.-Commander,  U.  S.  Navy.  Illustrated  with  41  wood- 
cuts, including  the  Vernier. 


Toner's    Dictionary    of  Elevations. 

8vo.    Taper,  $3.00    Cloth,  $3,75. 

Dictionary  of  Elevations  and  Cli.matic  Register  of  the 
UxiTED  States.  Containing,  in  addition  to  Elevations,  the  Latitude, 
Mean  Annual  Temperature,  and  the  total  Annual  Rain  Fall  of  many 
Localities  ;  with  a  brief  introduction  on  the  OrograpJiic  and  Physical 
Peculiarities  of  North  America.     By  J.  M.  Toxer,  M.D. 
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LEGAL  CHEMISTRY: 

A      GUIDE 


TO     THE 


DETECTION    OF    POISONS,  EXAMINATION    OF    STAINS,    ETC.. 


AS    ArrLIID    TO 


CHEMICAL    JURISPRUDENCE, 

Translated  with  Aoditions  i-kom  thk  Fkknch   of    A.    Naqukt,    Pro- 
fessor TO  THE  Faculty  of  Medicine  of  Paris. 

By  J.  P.  BATTKRSHALL.i'NAT.  Sc.  D. 

WITH    A    I'KKFACE   BY 

C.   F.   CHAXDT.FR.  Ph.D.,  M.D.,   LI..1). 


PREFACE. 


Tlio  inipiirtanoi>  of  exnot  clifniical  analysis  in  a  urcat  variety  of  on.'ies  wliich  come 
before  the  conrts  is  now  fully  roiognizcd,  and  tlic  translation  of  this  excellent  little 
book  on  Lpiial  Clieniistry.  by  one  of  the  nicist  (listinjjuisheil  French  Chemists,  will  be 
appreciated  l)y  a  largo  class  of  American  rcadors  who  are  not  able  toi-onsult  the 
oritrinnl.  While  it  is  to  be  reprctted  thai  the  author  has  mt  presented  a  iiuich  more 
comiilete  work,  there  is  an  advantage  in  the  compact  form  of  this  treatise  which  com- 
pensates, in  some  depree,  for  its  brevity 

The  translattir  has  greatly  increased  the  value  of  the  book  by  a  few  additions  and 
his  copious  index,  and  especially  by  the  list>  of  works  and  memoirs  whieli  he  has 
appended  ;  and  while  he  could  have  fuith(>r  increased  its  value  by  additions  from 
other  author*,  we  r^'cognize  the  wi  icht  of  the  considerations  which  induced  him  to 
present  it  in  the  form  piveii  to  it  by  tlie  author  Some  chapters  will  have  very  little 
vu.hio  in  this  country  at  this  day,  but  tne  translator  could  not,  with  propriety,  omit 
anything  contained  in  the  original.  C.  F.  C. 


"  This  is  one  of  the  most  valuable  and  practical  works  issued  on  this  subject,  eon- 
taininp  in  a  small  compass  nearly  everything  required. ''--^V<>io  York  Ed^ct'ic  Mtdical 
Jomnil. 

"This  book  on  Legal  I'hemistry  is  the  i!/7'/«  »?i<>(V/)«  indispen.«able  to  the  doctor, 
the  lawyer,  and  the  judge,  called  to  dlscus.<5  criminal  cases  of  that  kind,  which  have 
become  so  fronuont  of  lato."  -  Oimmcrotdl  Advertintr. 

"  This  little  work  will  be  found  very  valuable  as  a  guide  to  ordinary  medical 
experts,  and  gives  very  explicit  directions  for  the  chemical  examinations  necessary 
for  the  discovery  of  a  large  list  of  poisons,  mineral  and  vegetable  ;  also  the  examina- 
tion of  Are  arms,  wrilinjis,  ashes  for  human  remains,  adulteration  in  food,  medicinea, 
etc.,  etc' — Chiisiffo  Me/ical  Tiiiug. 


Morocco  Tuck,  Pocketbook  Style,  Gilt  Edges. 

tions.     $2  50. 


246  pp.     307  Illustra- 


FOEMULAS  &  TABLES 


FOK 


ARCHITECTS  AND  ENGINI^EliS, 

In  Calculating  the  Strains  and  Capacity  of  Structures  in  Iron  and  Wood. 

BY  F.  I^CHUMANN,  Q.E. 


PREFACE. 

The  following  collection  of  Formulas  and  Tables  is  intended  as  a 
ready  reference  for  Architects  and  Engineers  in  computing  the  Strains  and 
Strength  of  Structures  in  Iron  or  Wood.  The  author  has  attempted  to 
give  concisely  all  the  necessary  data  required  for  the  calculations.  The 
object  is,  to  give  a  compilation  and  transformation  into  simple  formulas 
and  tables,  adapted  to  practice,  of  matter  contained  in  the  works  of  W<is- 
bacJi,  Rni'kine,  Rebhahn,  Riiter,  Breyman,  Gordon,  Brandt,  Moll  &  Rctileaux, 
Laisde  &  Srhnbler,  Fairhairn,  and  others. 

Among  other  matter  may  be  particularly  mentioned  the  tables  giving 
the  capacity  of  rolled  and  cast  iron  beams,  and  the  extensive  table  of  for- 
mulas for  tiie  Moment  of  Inertia  and  Resistance  of  various  sections.  The 
formulas  and  constants  for  ascertaining  the  Strains  in  Roof  and  other 
Trusses  will  be  found  quite  complete,  extending  to  all  the  different  forms 
or  system*  in  general  use.  Under  "Miscellaneous"  is  given  necessary 
formulas  for  the  calculation  of  Lines,  Areas,  and  Solids  ;  also  tables  of 
Natural  Sines,  Cosines.  Tangents,  Cotangents,  Secants  and  Cosecants, 
Area  and  Circumference  of  Circles,  Weight  of  Materials,  etc. 


Summary  of  Defiriitions  and  General 
Principles. 

Moments  of  Inertia  and  Resistance  of  Va- 
rious Sections. 

Strength  of  viaterials,  etc. 

Resistance  to  Cross  Breaking  and  Shear- 
ing. 

Capacity  and  Strength  of  Beams. 

Pressure  on  Supports. 

Compressive  Strains  and  Pressure  on 
Supports. 

Sloping  Beams.  Rafters,  etc. 

Resistance  to  Crushing. 

Strength  of  Columns,  Pillars,  and  >truts. 

Parallelogram  of  Forces. 

Strains  in  Frames. 

Strains  in  Boom  Derricks. 

Strains  in  Trusses. 

Strains  in  Trussed  Beams- 

Si rains  in  Trusses  with  Parallel  Booms. 

Strains  in  Parabolic  Curved  Trusses. 

Bow-String  Girders. 

Capacity  and  Strength  of  ''arabolic  Arched 
Beams  or  Ribs  Originally  Curved. 

Strains  in  a  Polygonal  Frame. 

Strains  in  Roof  Trusses. 

Pressure  of  Wind  on  Roofs. 

Pressure  of  Snow  on  Roofs. 

Tie  Bods  and  Bars. 


Joints  or  Connections  in  Iron  Construction 

Dimensions  of  Bolts  and  Nuts. 

Compound  Strain  in  Horizontal  and  Slop- 
ing Beams. 

Weight  of  Moving  Loads. 

Static  and  Moving  Loads  on  Bridges  of 
Wrought  Iron. 

Geometry 

Centre  of  Gravity  of  Planes. 

Trigonometrical  Formulas. 

Trigonometrical  Functions 

Circumference,  Area,  and  Cubic  Contents 
of  Circles. 

Specific  Gravities  of  Materials 

Weight  of  Superficial  Inch  of  Wrought  and 
Cast  Iron. 

Weight  per  Square  Foot  of  Met;:ls. 

Weight  of  a  Lineal  Foot  of  Flat  and  Square 
Bar  Iron. 

Weight  wf  a  Lineal  Foot  of  RoUed  Round 
Iron. 

Weight  of  Bolts  Nuts,  and  Heads. 

Weight  of  Material  used  in  BuildiTig. 

Divisions  of  a  Foot  expressed  in  Equiva- 
lent Decimals 

Table  for  Comparing  Measures  and 
Weights  of  Different  Countries 

To  cut  the  Strongest  and  Stiffest  Beam 
from  a  Log. 


One  Vol.  12mo,  235  pages,  103  Illustrations,  price  $1  SO. 


A  TREATISE  OS  OPTICS; 

OR,   J.IGIIT   AND  SIGHT 

TIlEOFiKTiCALLY  AND  PRACTICALLY  TREATED 


WITH  THE  APPLICATION  TO 


FINE  ART  AND  INDUSTRIAL  PURSUITS. 

BY 

E.     XUGE]N'T,     C.E. 


CONTENTS. 

Chnp.  I.  Introductory. 

"       II.  Refraction  of  Light. 

"       li  I.        Refraction  of  Ra3s  by  Prisms  and  Lenses. 

"       IV.        Formation  of  Images  by  Lenses. 

"       V.  On  t  e  Reflccticin  or  Light. 

"       VI.        Formation  of  Images  by  Plane,  Concave,  and  Convex  Mirrors — 

Reflecting  Teleecopes — Rtflectir.g  Miciof-copts. 
'■       VII.       On  Spherical  Abei  rations  in  Lenses  and  Mirrors. 

Vni.     On  Caustic  Curves  formed  bj-  Reflection  and  Refraction. 

JX.        Physical  Optics — Analysis    of    Ligbt — Its    Decompositiuu   into 

Colors. 
"       X.  On  the  Dispersion  of  Light. 

"       Xr.        On  the  Principle  of  Achromatic  Telescopes. 
"       XII.      Breadth  of  Waves  ot  Light — Inflection  or  Defraction  of  Light — 

La  w  of  Interference. 
"       XIII.     Double  Refraction  and  Polarization  of  Light. 
"       XIV.     The  Eye. 

"       XV.       Accidental  or  Complementary  Colors. 
"       XVI.      Optical  Instruments. 
"       XVII.   The  Principles  of  Optics  applied  to  Various  Useful  Pui  pose*-. 


NOTICES  OF  THE  PEESS. 

"  This  book  is  of  a  practical  rather  than  of  a  theoretical  kind,  and  is  designed  to 
afford  accurate  and  complete  information  to  all  inteiested  in  the  application  of  the 
science." — Roniifl  Tahle. 

"  This  is  a  work  not  only  of  service  as  a  college  text-book,  but  eminently  useful 
to  the  photographer,  the  painter,  the  house-decorator,  the  tailor,  the  outfltttr.  the 
sculptor,  the  builder,  the  stone-cutter,  the  mason,  the  drauehtsman,  the  architect, 
the  engineer — in  short,  almost  every  department  of  human  industry." — Cin(.innuti 
0/i?onicle. 


One  Volume,  339  pages,  witJi  numerous  Diagrams  and 
Wood-Cuts,  handsomely  hound  in  fine  cloth,  $1  50. 

THE 

MECHANICS'     FRIEND. 

EDITED  BT 

AVM.  E.  A.  AXON,  M.R.S.L. 

A   COLLECTION  OF 

RECEIPTS  AND  PEACTICAL  SUGGESTIONS 

RELATING  TO 

Tlie  Metric  System,  Miscellaneous  Tools,  Instruments  and  Processes, 
Cements  and  Glues,  Varnishes  and  Lacquers,  Solders  and  Metal- 
Working,  Steam- Engines,  Railivays  and  Locomotives,  Fire- 
Arms,  Horology,  Glass,  Wood-  Working,  House  and  Gar- 
den, Draicing  and  Moulding,  Photography,  Musical 
Instruments,     Taxidermy,     Plant    Preserving, 
Aquaria,     Miscellaneous     Chemical     Pro- 
cesses    and     Compositions,     Lighting, 
Dyes,      Water -proofing/.       Gilding 
and     Bronzing,     Pyrotechny 
Electricity,    Magnetism, 
and     Telegraphy. 


EXTRACT  FROM  PREFACE. 

The  present  difEers  in  some  important  particulars  from  the  many  ' '  receipt-books  " 
which  hare  preceded  it.  It  is  the  result  not  so  much  of  individual  jmlgment  as  of  the 
action  of  a  number  of  "  friends  in  council,"  whose  practical  experiences  have  inspired 
the  instructions  and  hints  it  contains.  .  .  .  There  is  a  large  and  rapidly-increas- 
ing class  of  amateurs  who  devote  some  of  their  leisure  to  woriiug  in  the  mechanical 
and  other  branches  of  practical  science.  These  persons  wil  .  it  is  hoped,  in  this 
volume  find  many  things  to  save  them  trouble  and  speed  them  on  their  way.  Whethei- 
they  want  to  skeletonize  the  leaf  of  a  plant,  or  to  construct  a  t^team  propeller  for  a 
model  boat,  to  make  a  sky-rocket  or  an  electric  clock,  an  artificial  magnet  or  a  photo- 
graphic handkerchief,  they  wOl  not  look  in  vain.  The  tendency  to  the  traditi^  nal  in 
every  trade  renders  it  probable  that  with  persons  of  this  cass  many  improved  pro 
cesses  will  originate.  1  he  amateur  workman  looks  at  things  with  a  fresher  eye  ihan 
one  who  has  come  to  regard  the  processes  learned  in  youth  as  the  final  of  perfection. 
...  In  preparing  for  the  press  the  contributions  of  so  many  individuals,  a  con- 
siderable amount  of  revision  and  condensation  has  been  necessary,  and  every  possible 
care  has  been  taken  to  exclude  matter  already  easily  accessible.  .  .  .  The  topics 
have,  as  far  as  possible,  been  grouped  together  according  to  their  mutual  relation- 
ship, but  as  all  such  attempts  at  classification  are  in  their  very  nature  defective,  this 
arrangement  has  been  supplemented  by  a  copious  alphabetical  index. 


"  In  the  various  receipts  that  are  scattered  throughout  the  work,  the  reader  will 
find  sufiicient  amount  of  valuable  material  to  reimburse  him  for  the  cost  of  the  book, 
and  there  are  numerous  ingenious  and  useful  mechanical  devices,  which  are  fully 
figured  and  expia,ined."—/naustriaC  Monthly. 

"It  is  an  invaluable  book  of  reference  for  practical  and  amateur  mechanics  and 
artisans,  and  all  who  are  interested  in  experimental  science." — American  Progrttt, 
Jiew  i'urk. 
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